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PREFACE. 


By  this  preface  I  offer  to  American  tool-makers  a  treatise  on 
their  art — and  mine.  My  reasons  for  this  venture  are  numer- 
ons,  but  chief  among  them  is  the  fetct  that  to  ev/ery  tool-maker, 
every  machinist,  every  worker  in  metals,  a  knowledge  of  what 
can  be  attained  in  his  art  is  to-day  indispensable,  and  the  attain- 
ment of  that  knowledge  should  be  both  easy  and  pleasant. 

This  treatise  is  intended  for  the  man  at  the  head  of  the  shop 
as  well  as  the  man  at  the  lathe ;  for  the  man  who  has  neither  the 
time  nor  the  inclination  to  delve  into  ten  or  twenty  volumes  of 
more  or  less  contradictory  mechanical  dissertation ;  for  the  prac- 
tical man  of  the  drafting-room,  the  tool-room,  the  machine-shop, 
and  the  forge.  The  work  is  dedicated  to  the  work-bench  of  Uie 
mechanic  and  the  office  of  the  engineer.  It  is  inscribed  to  all 
who  are  interested  in  the  working  of  metals.  If  they  shall  gain 
knowledge  by  its  perusal  the  author  will  be  abundantly  repaid. 

In  the  writing  and  illustrating  of  this  work  I  have  drawn 
upon  the  accumulated  knowledge  gained  through  many  years  of 
practical  experience,  and  have  embodied  in  it  extracts  from  over 
three  hundred  original  articles  contributed  by  myself  to  the 
mechanical  and  the  technical  ])resd.  In  arranging  the  text  and 
the  illustrations  the  following  objects  have  l)een  constantly  kept 
in  mind : 

I.  To  give  accurate  and  concise  descriptions  of  the  funda- 
mental principles,  methods,  and  processes  by  which  tlie  greatest 
accuracy  and  highest  efficiency  may  be  attained  in  the  produc- 
tion of  repetition  parts  of  metal  at  llie  minimum  of  cost. 

II.  To  discuss  and  illustrate  the  great  numbers  of  special 
tools,  their  construction  and  use,  as  fully  as  possible  within  the 
narrow  limits  of  a  single  volume. 

III.  To  avoid  all  that  is  speculative,  impracticable,  and  ob- 
solete in  processes,  methods,  principles,  design,  and  construction. 
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TV.  To  preserve  a  clear  and  systematic  arrangement  of  the 
numerous  subjects,  giving  to  each  one  its  place  according  to  its 
importance  in  the  treatise. 

V.  To  secure  a  style  and  method  of  presentation  in  the  work 
itself  which  shall  please  the  busy  man  of  metals,  whether  he 
labors  in  the  shop,  the  draughting-room,  the  office,  or  the  labor- 
atory. 

Thus  my  aim  has  been  to  increase  the  practical  knowledge 
and  the  earning  capacity  of  machinists,  tool-makers,  die-mak- 
ers, steel-workers,  blacksmiths,  model-makers,  and  foremen; 
to  point  out  to  superintendents  where  and  how  to  secure  the 
maximum  of  output  from  the  minimum  of  cost  and  labor;  to 
give  general  managers  and  proprietors  of  metal-working  estab- 
lishments methods  by  which  they  may  increase  the  output  and 
the  income,  and — last,  but  not  least — to  put  into  the  hands  of 
the  earnest  and  intelligent  apprentice  a  text-book  of  the  art  that 
has  gained  for  the  United  States  the  industrial  supremacy  of 
the  world. 

Whether  these  important  ends  have  been  attained,  it  is  not 
for  me  but  for  the  practical  reader  to  decide.  I  have  labored 
earnestly  and  assiduously  to  add  to  the  world's  stock  of  knowl- 
edge and  to  reach  the  ideal  of  what  a  work  of  this  kind  should 
be. 

I  surrender  the  treatise,  thus  undertaken  and  completed,  to 
the  reader,  apologizing  for  nothing  contained  in  it  or  omitted, 
and  asking  of  you  only  a  considerate  judgment  and  just  recog- 
nition of  the  work. 

Joseph  V.  Woodwoeth. 

New  York, 
December,  1904. 
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CHAPTER  L 

The  Inception,  Development,  and  Installation  of  the 

Modern  System  of  Interchangeable 

Manufacturing. 

ELI   WHITNEY. 

The  inception  of  the  modern  system  of  interchangeable  man- 
ufacturing— according  to  the  best  authorities — was  in  1798;  and 
the  honor  of  being  the  first  "interchangeable  manufacturer"  be- 
longed to  Eli  Whitney,  the  inventor  of  the  cotton-gin,  who,  in 
January  of  that  year,  secured  an  order  to  furnish  the  United 
States  Government  with  ten  thousand  muskets,  four  thousand  to 
be  delivered  in  one  year  and  the  balance  in  two  years.  We  read 
that  "Mr.  Whitney  went  at  the  undertaking  in  a  ^ery  thorough 
and  systematic  way.  First,  he  developed  a  water-power,  erected 
suitable  and  adequate  buildings,  considered  ways  and  means  for 
a  larger  and  better  product,  designed  machinery  to  effect  it,  and 
trained  workmen  to  skill  in  the  new  employment.  However,  the 
difficulties  which  he  encountered  were  greater  than  he  had  sup- 
X>08ed,  and  it  was  eight  years  instead  of  two  before  the  order  of 
ten  thousand  arms  was  completed.  Notwithstanding  this  delay, 
the  progress  of  the  enterprise  and  tlie  cliaracter  of  the  product  as 
delivered  was  so  satisfactory  otherwise  tliat  Congress  treated  him 
with  the  greatest  consideration.  His  sliops  at  New  Haven,  Conn. , 
became  the  Mecca  of  government  oftlcials,  manufacturers,  travel- 
ling notables,  and  foreigners,  and  that  which  he  could  show  was 
well  worth  a  journey,  for  his  innovations  in  the  manufacture  of 
arms  were  as  epochal  as  his  invention  of  tlie  cotton-gin."  It  was 
in  the  manufacture  of  those  muskets  that  Whitney  first  conceived 

and  put  into  successful  operation  "jigs"  and  "fixtures"  for  the 
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duplicate  production  of  parts  to  a  limited  degree  of  variation 
which  would  permit  of  their  interchanging.  Thus  tlie  modern 
manufacturing  system  was  born — the  system  that  not  only  revo- 
lutionized the  manufacture  of  arms,  but  became  the  basis  upon 
which  American  manufacturers  built  their  present-day  reputa- 
tion of  superiority  in  all  other  lines  of  manufactures. 

Having  gone  this  far — as  the  origin  of  the  system  has  been 
traced  and  the  inventor  given  due  credit,  as  well  as  having  paid 
tribute  to  his  genius — it  will  be  well  to  proceed  with  the  presen- 
tation of  the  meaning  of  "  interchangeability  "  and  the  develop- 
ment, perfecting,  and  installation  of  the  system  for  which  it 
stands. 

INTERCHANGEABILITY. 

Interchangeability  mechanically  means  to  produce  parts  in 
duplication  or  repetition,  or  the  production  of  a  part  or  piece 
which  will  fit  into  the  place  provided  for  any  other  similar  piece. 
As  a  rough  sample  of  interchangeability  we  might  take,  for  in- 
stance, the  work  of  the  brick-layer,  the  tile-setter,  or  the  mosaic- 
worker,  who  when  building  a  wall  or  blocking  a  panel  take  any 
brick,  tile,  or  cube  that  lies  nearest  to  their  work,  knowing  that 
it  will  take  up  the  same  amount  of  space  and  fit  into  place  the 
same  as  those  laid  before  it.  In  metal,  a  rough  sample  of  inter- 
changeability is  met  with  when  laying  a  line  of  water-pipe,  the 
castings  being  dropped  indiscriminately  along  the  street,  the  con- 
tractor knowing  full  well  that  one  end  of  each  will  fit  into  the 
recess  of  the  end  of  the  preceding  one. 

From  the  laying  of  bricks,  tiles,  and  water-pipe  to  the  mak- 
ing of  watches  is  quite  a  long  step ;  but  as  the  modern  watch, 
cheap  and  expensive,  represents  the  other  extreme  of  inter- 
changeability, developed  to  a  degree  almost  incomprehensible  to 
the  ordinary  mind,  it  is  a  fitting  illustration.  In  the  manufac- 
tuie  of  the  watch  hundreds  of  parts  go  to  make  it  up.  Take  the 
screws — the  tiny  little  things  that  one  can  hardly  see  with  the 
naked  eye;  they  are  manufactui-ed  by  the  million,  and  so  accu- 
rately that  the  last  one  will  fit  perfectly  into  the  tapped  hole 
provided  for  the  first  one.  The  gears,  springs,  brackets,  pinions, 
pivots,  bearings,  and  shafts  are  all  interchangeable. 
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In  referring  to  intercbangeability  it  must  not  be  inferred  that 
the  system  is  only  met  with  in  the  production  of  fine  work ;  on 
the  contrary,  the  fact  is  that  the  system  is  easier  of  installation 
and  of  as  frequent  occurrence  with  rough  work. 

In  modern  manufacturing  the  first  object  sought  is  to  produce 
cheaply  and  therefore  rapidly,  and  this  object  can  only  be  at- 
tained by  producing  the  parts  or  machines  of  the  same  kind  in 
duplication.  Some  infer  that  these  modern  manufacturing 
methods  have  been  adopted  on  account  of  the  scarcity  of  skilled 
labor,  when  the  fact  is  that  it  has  been  the  greiat  supply  of  highly 
skilled  labor  that  has  made  the  development,  perfection,  and  in- 
stallation of  the  wonderful  system  of  interchangeable  manufac- 
turing possible.  Thus  where  years  ago  the  skill  and  ingenuity 
of  the  mechanic  were  monotonously  and  patiently  utilized  in  the 
hand  production  of  a  number  of  parts  of  great  accuracy  to  a  cer- 
tain attainable  degree  of  duplication,  they  are  now  directed  to 
the  devising  and  constructing  of  one  part  or  tool,  or  a  set  of  tools, 
which  will  produce  other  parts  or  tools  in  endless  repetition. 
In  modern  machine  manufacturing  skill  and  ingenuity  of  an  or- 
der higher  than  were  ever  thought  possible  to  attain  have  been 
developed  in  the  hands  and  brains  of  the  American  tool -maker. 
And  this  skill  and  ingenuity  are  concentrated  upon  the  devising 
of  means  for  the  production  of  articles  and  parts  within  the 
slightest  XK)Ssible  limits  of  variation,  and  in  which  their  complete 
intercbangeability  will  be  guaranteed. 

The  man  in  whose  brain  the  modem  manufacturing  sj^stem 
was  bom  was  he  that  first  took  a  piece  of  scrap-iron  and  drilled 
two  holes  in  it,  to  guide  a  drill  in  making  another  piece  with  two 
holes  in  it  the  samc^  distance  apart  as  in  the  first  piece.  The 
men  who  now  fill  our  drawing-rooms  and  toolrooms  and  wlio  d(»- 
vise  and  construct  tools  for  the  production  of  interchangeable 
metal  parts  are  his  descendants.  They  have  made  possible  the 
nianufactnre  of  the  breach -loading  gun,  the  typewriter,  the  cheap 
sewing-machine,  the  cash-register,  the  machine-made  watch,  the 
automobile,  as  well  as  a  thousand  and  one  other  mechanical  arti- 
cles, machines,  and  devices,  which  form  an  integral  part  of  our 
twentieth-century  civilization. 
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INTEECHAI^GEABLE  MAKTJFACTTJErNQ. 

The  development  t>f  the  modern  system  of  manafactaring 
since  the  days  of  Eli  Whitney  has  been  simply  wonderful,  so  that 
at  the  present  time  all  machines  for  which  there  is  a  constant  or 
a  large  demand  are  or  should  be  manufactured  and  built  through 
this  system  of  interchangeability.  It^is  in  the  i)erfecting  of  this 
system  and  in  the  designing  and  constructing  of  tools  and  appli- 
ances for  the  successful  production  of  machinery  that  the  best 
and  brightest  men  in  the  mechanical  field  are  employed.  Take 
the  universal  milling-machine,  the  precision-lathe,  the  automatic 
screw-machine,  and  turret-lathe;  all  these  machines  are  being 
manufactured  to-day  by  a  system  which  allows  of  their  being 
constructed  and  shipx>ed  to  any  part  of  the  world  with  their  effi- 
ciency guaranteed.  Moreover,  any  one  of  their  innumerable 
parts  can,  when  worn  out  or  broken,  be  duplicated  by  sending 
to  the  works  and  securing  the  part  needed.  This  part  can  then 
be  fastened  in  place  of  the  other  without  as  much  as  touching  it 
with  a  file,  when  it  will  perform  its  separate  and  distinct  move- 
ments as  positively  and  accurately  as  the  part  whose  place  it  has 
taken. 

When  one  realizes  that,  in  order  for  these  machines  to  do  the 
work  expected  from  them,  each  and  every  part,  from  the  most 
minute  screw  to  the  largest  casting,  must  be  finished  to  a  degree 
of  accuracy  almost  inconceivable  to  the  lay  mind,  the  fact  that 
all  the  parts  icUl  interchange  with  those  on  another '  machine  be- 
comes more  surprising.  Now  if  all  the  parts  of  a  modern  ma- 
chine tool  must  be  finished  so  accurately,  to  what  degree  must 
the  tools  and  appliances  used  to  produce  them  be  finished!  And 
what  of  the  men  who  have  the  skill  and  mental  capacity  neces- 
sary for  the  successful  designing  and  constructing  of  such  tools! 

If  it  is  considered  that  twenty  years  ago  precision -machine 
tools  of  the  present  efficiency  could  not  have  been  constructed, 
not  even  if  the  best  mechanics  available  were  employed  on  the 
work,  the  fact  that  they,  as  well  as  numberless  others,  are  now, 
and  have  been,  built  by  thousands,  becomes  more  astonishing. 

The  reason  why  such  machinery  could  not  have  been  per- 
fected and  constructed  to  accomplish  the  results  now  attained  by 
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them  was  that  there  were  not  at  that  time  tools  and  machines  of 
the  necessary  precision  and  accuracy  to  build  them,  and  it  was 
only  by  inventing  and  developing  the  use  of  such  tools  that  the 
manufacture  of  such  intricate  pieces  of  mechanism  as  the  modern 
universal  miller,  precision-lathe,  etc.,  was  made  possible.  Nat- 
urally, in  order  to  develop  and  construct  these  tools,  the  minds 
and  hands  of  the  mechanics  had  to  be  developed,  until  to-day  the 
amount  of  brains,  skill,  and  mental  capacity  involved  in  the  de- 
signing and  constructing  of  sx>ecial  machinery,  dies,  tools,  and 
fixtures  for  the  manufacturing  of  metal  parts,  articles,  appli- 
ances, and  machinery,  is  equal  to — if  not  greater  than — ^that 
called  into  use  in  any  of  the  other  arts  and  professions. 

This  may  seem  a  rather  strong  assertion  to  make,  but  it  is 
made  with  the  full  knowledge  of  what  it  means.  It  may  not  be 
apparent  to  all,  but  to  the  man  who  has  had  the  advantage  of 
practical  observation  and  experience  in  the  manufacturing  of 
machinery  it  is  both  right  and  just.  It  is  well  that  the  fact  is 
becoming  universally  recognized  that  men  of  the  highest  and 
rarest  attainments  are  engaged  in  the  devising  and  developing  of 
means  for  the  rapid  and  economic  production  of  machinery. 

MODERN    MANUFACTURING    OF    INTRICATE 

MACHINERY. 

As  a  practical  illustration  of  what  the  modern  system  of 
manufacturing  consists  and  how  it  is  installed  and  carried  on,  I 
will  take  up  the  various  arts  called  into  use  and  necessary  to  the 
successful  constructing  and  placing  on  the  market  of  a  machine 
for  which  there  is  a  large  demand. 

After  the  developing  and  experimenting  has  reached  a  suc- 
cessful conclusion  in  a  perfect  working  model,  the  first  thing 
necessary  is  the  designing  and  making  of  full  sets  of  wood  and 
metal  patterns,  to  be  used  for  casting  the  various  parts  which  are 
to  be  cast.  The  man  that  does  this  must  call  into  play  a  vast 
amount  of  ability  and  knowledge  in  order  to  accomplish  this  part 
of  the  work.  He  must  allow  of  all  parts  being  siiificieutly 
strong,  so  that  the  castings  resulting  will  withstand  all  strain  to 
which  they  may  be  subjected  when  in  use,  and  he  must  provide 
for  giving  them,  as  far  as  possible,  a  symmetrical  and  artistic 
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appearance.  He  most  also  allow  for  shriiikage  in  the  metal 
when  cast  and  for  a  certain  amount  of  surplus  stock  at  all  points 
which  are  to  be  machined  and  finished. 

After  the  pattern-maker  has  produced  these  patterns  in  exact 
duplication  of  the  designs,  they  are  sent  to  the  foundry,  whei'e 
the  moulder  utilizes  his  skill  and  brains,  and,  with  the  patterns 
as  models,  a  heap  of  sand  and  a  few  crude  tools  to  work  wiUi, 
works  out  his  moulds,  from  which  a  set  of  castings  are  produced. 
This  set  is  first  machined  and  finished  by  the  use  of  the  best 
means  available,  which  calls  into  use  all  the  capacity  and  skill  of 
the  machinist.  After  all  parts  have  been  finished  and  assem- 
bled, a  finished  machine  is  the  result.  Any  defects  in  shape  or 
strength  in  the  patterns  have  now  become  apparent  in  the  fin- 
ished castings  and  the  parte.  The  patterns  are  then  carefully 
gone  over  and  these  defects  rectified,  and  another  set  cast  from 
them.  This  set  is  also  finished  and  machined,  and  then  assem- 
bled in  another  machine.  This  latter  machine  is  found  to  be  a 
great  improvement  over  the  first,  as  all  defecte  and  inaccuracies 
have  been  rectified  and  each  and  every  part  has  been  machined 
as  accurately  as  possible. 

The  machine  now  goes  to  the  tool-designer,  who  is  called 
upon  to  scheme  up  and  design  complete  sete  of  tools,  dies,  fixt- 
ures, and  appliances  for  the  machining  of  all  castings  in  repeti- 
tion and  for  the  exact  duplication  of  each  and  every  other  part, 
from  the  largest  shaft  and  gear  to  the  smallest  pin  and  screw. 
To  be  capable  of  accomplishing  all  this  the  designer  must  be — 
first  of  all — a  practical  man,  familiar  with  all  mechanical  princi- 
ples necessary  to  the  successful  construction  of  the  tools,  as  well 
as  be  possessed  of  a  theoretical  knowledge  of  the  properties  of 
all  metals.  He  must  design  the  tools  to  be  both  positive  and 
accurate,  as  well  as  strong  and  durable.  He  must  also  allow  of 
their  being  constructed  as  simple  as  x>ossible,  consistent  with  ac- 
curate production  and  rapid  handling  when  in  operation.  Ho 
must,  lastly,  he  certain  he  is  right  in  all  measurements  down  to 
the  smallest  fraction  of  an  inch.  In  fact,  he  must  construct  a 
perfect  set  of  tools  for  the  exact  duplication  of  all  the  parte  of 
the  machine  on  paper.  The  designer  must  also  provide  for  the 
tools  being  so  constructed  as  to  allow  of  being  handled  and  oper- 
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ated  to  their  fullest  capacity  by  meu  of  tlie  average  skill  aud 
intelligence,  with  rapidity  and  without  the  possibility  of  error. 
By  the  time  the  designer  has  accomplished  all  this  and  gone  over 
and  verified  all  his  designs,  until  he  is  sure  of  their  accuracy  aud 
of  their  coinciding  perfectly  where  necessary,  he  has  finished  his 
part  of  the  work. 

The  tool  designs  and  the  machine  now  go  to  the  tool-maker ; 
he  has  the  last,  but  not  least,  proposition  to  tackle.  Where  the 
pattern-maker  had  to  produce  his  designs  in  wood,  the  draughts- 
man his  on  paper,  and  the  moulder  his  in  sand,  the  tool-maker 
has  to  create  his  in  steel  and  iron,  which  can  neither  be  whittled 
with  a  knife,  nor  the  parts  fastened  together  with  glue,  nor  the 
mistakes  and  inaccuittcies  rubbed  out  with  an  eraser.  Neither 
can  the  tool-maker  shape  his  work  in  sand  and  locate  the  points 
with  a  trowel.  He  is  the  man  on  whom  the  accuracy,  efficiency, 
and  working  qualities  of  the  finished  product  depend.  His  skill, 
ingenuity,  and  i>owers  of  creation  and  production  are  taxed  to 
their  fullest  extent  indeed ;  and,  unless  he  is  a  man  of  brains, 
skill,  and  experience,  all  work  of  the  designer,  pattern-maker, 
and  moulder  will  have  been  useless.  First  in  the  machining  aud 
finishing  of  the  tools  and  the  placing  of  all  locating  points,  and 
then  in  the  assembling  of  the  parts,  is  his  knowledge  and  skill 
called  into  play.  As  each  tool,  fixture,  or  device  for  the  produc- 
tion of  some  S];)ecial  and  distinct  part  is  finished,  it  must  be  tried 
and  proved ;  and  the  piece  machined  in  it  must  fit  exactly  in  its 
proi)er  x>osition  and  coincide  i)erfectly  with  all  other  points  nec- 
essary in  the  other  parts,  so  that  the  perfonnance  of  its  separate 
and  distinct  motion  will  be  guaranteed.  And  thus  on  to  the  end 
of  the  list,  until  the  full  set  of  tools  is  complete,  so  that  a  perfect 
and  complete  machine  can  be  constructed  by  their  use,  with  the 
certainty  that  all  parts  machined  in  them  will  be  found  to  inter- 
change perfectly,  so  that  they  may  be  selected  haphazard  in  the 
assembling  of  a  new  machine  or  in  the  repairing  of  an  old  one. 
When  all  the  foregoing  has  been  accomplished,  the  preliminary 
work  necessary  to  the  successful  manufacture  and  perfect  opera- 
ting of  the  machines  in  any  number  desired,  with  the  certainty 
that  each,  and  every  one  will  be  an  exa<*t  duplicate  of  the  others, 
from  the  smallest  pin  or  screw  to  the  largest  casting,  is  an  accom- 
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plished  fact.  We  may  uow  go  ahead  and  manufacture  by  means 
of  the  interchangeable  system,  which  allows  of  the  construction 
of  machinery  at  the  minimum  of  cost  and  to  the  maximum  of 
production ;  and,  what  is  more,  allows  of  constructing  machines 
in  exact  duplication  of  each  other,  which  could  not  be  accom- 
plished by  any  other  means. 

THE  AMERICAN  TOOL-MAKER— THE  MOST  SKILLED 

-    MECHANIC  IN  THE  WORLD. 

When  all  the  skill,  capacity,  and  brains  utilized  in  the  accom- 
plishment of  the  mechanical  results  outlined  in  the  foregoing  are 
considered,  is  it  irrelevant  to  make  the  assertion  that  the  genius 
and  intelligence  utilized  in  the  inventing,  developing,  perfecting, 
and  manufacture  of  machinery  are  second  to  none  and  above 
mostf  We  think  not;  and  if  any  one  who  doubts  the  truth  of  it 
will  stroll  through  a  modern  machine-shop,  of  the  kind  necessary 
to  the  production  of  intricate,  labor-saving  machinery,  and  notice 
the  various  operations  through  which  the  parts  used  in  the  con- 
struction of  such  machinery  go,  and  the  special  tools,  fixtures, 
appliances,  arrangements,  devices,  and  machinery  used  for  their 
production,  we  think  he  will  change  his  mind  and  will  be  grate- 
ful that  America  and  Americans  can  boast  of  men  who  are  capa- 
ble of  such  things ;  for  it  is  to  such  as  they,  more  than  all  others, 
that  we  owe  our  commercial  and  industrial  supremacy  of  to-day. 
The  great  changes  in  the  last  century,  which  have  contributed  to 
the  uplifting  and  betterment  of  the  human  race,  are  marked  by 
the  achievements  of  men  whose  whole  lives  and  energies  have 
been  devoted  to  the  perfection  and  production  of  things  mechan- 
ical. This  genius  of  invention  which  has  conceived,  developed, 
and  made  possible  the  manufacture  of  labor-saving  machinery, 
has  multiplied  and  improved  the  necessaries  as  well  as  the  luxu- 
ries of  life. 

We  are  known  and  acknowledged  to-day  as  the  greatest  world 
power.  What  has  made  us  so!  It  is  to  those  who  have  devel- 
oped and  perfected  our  modern  manufacturing  industries  that  we 
owe  the  most.  It  is  because  we  can  view  with  equanimity  the 
strivings  of  other  nations  to  outdo  us ;  because  we  can  go  out 
into  the  markets  of  the  world  and  meet  and  overcome  their  com- 
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petition,  that  we  are  what  we  are.  And  how  has  this  come 
about  f  Simply  through  the  great  inventive  ability  and  ingena- 
ity  of  American  engineers  and  mechanics.  Thus  has  the  pro- 
duction of  all  articles  and  necessaries  of  commerce  been  cheap- 
ened and  multiplied.  Go  into  the  drawing,  construction,  or  tool 
department  of  any  of  the  large  machine  establishments  and  note 
the  men  employed  therein.  They  will  be  found  to  bear  favorable 
comparison  with  those  engaged  in  any  of  the  other  arts  or  profes- 
sions. What  is  more,  these  men  do  not  stand  still,  but  keep 
increasing  their  knowledge,  and  thus  step  higher  and  higher  to 
positions  which  their  ambitious  and  capacities  entitle  them. 
From  the  ranks  of  such  men  come  the  be^t  of  our  inventors  of 
machiner>%  our  superintendents  and  managers. 

Before  closing  this  introductory  chapter,  I  will  say  the  indus- 
trial supremacy  of  the  United  States  in  the  twentieth  century  has 
come  about  through  the  developing  and  perfecting  of  the  modem 
system  of  interchangeable  manufacturing,  and  will  ever  stand  as 
a  monument  ta  the  skill  and  ingenuity  of  the  American  me- 
chanic 


CHAPTER  II. 

Machine  Tools,  Designing,  Tool-making,  and  Tool- 

Rooms. 

MACHrN:B  TOOLS. 

It  has  been  well  said  that  the  foundation  of  the  industrial 
structure  of  to-day  rests  on  machine  tools ;  and  with  this  state- 
ment, I  believe,  all  whp  are  familiar  with  the  mechanical  devel- 
opment of  the  last  decade  and  have  given  any  thought  to  indus- 
trial betterment  will  agree.  It  is  a  fact,  that  all  must  now 
concede,  that  without  these  machine  tools,  these  wonderful  fac- 
tors in  modern  civilization,  we  would  be  reduced  to  the  state  of 
primeval  man  and  be  forced  to  do  by  hard  physical  labor  that 
which  thousands  of  automatons  now  accomplish  for  us.  It  is  with 
machine  tools  that  all  other  machinery  is  produced ;  the  standard 
tools  of  the  universal  shop,  the  lathes,  drills,  planers,  shapers, 
millers,  boring-mills,  and  the  numerous  minor  members  of  the 
great  family,  are  all  called  upon  to  contribute  their  share  to  fur- 
ther economic  modern  manufacturing. 

Now,  in  view  of  the  afore-mentioned  facts,  it  must  be  obvi- 
ous to  all  that  the  nation  which  aims  to  lead  in  industrial  mat- 
ters must  be  the  one  that  possesses  the  most  efficient  and  best  de- 
veloped machine  tools,  as  the  possession  of  such  is  a  criterion  of 
the  mechanical  skill  and  ingenuity  of  the  country's  mechanics. 
Hence  where  the  best  machine  tools  are  found  there  will  also  \ye 
found  the  best  knowledge  of  how  to  operate  them  to  the  best  ad- 
vantage. Thus  we  arrive  at  the  conclusion  that  if  good  tools  are 
to  be  made,  a  comprehensive  and  broad  knowledge  of  how  tools 
should  be  iLsed  and  the  amount  of  work  they  should  do  is  abso- 
lutely essential.  Of  those  who  are  possessed  of  this  knowledge,  it 
may  be  said  that  they  are  indeed  ornaments  to  their  profession, 
as  they  stand  equipped  to  produce  means  which  will  lighten  the 
load  bequeathed  by  Mother  Nature  to  both  man  and  beast — 
means  for  doing  the  world's  work  economically  and  efficiently. 
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THE  DESIGNER. 

When  consideriiig  machine  tools  we  are  at  once  confronted  by 
the  fact  that  the  efficiency  of  any  machine,  de\ice,  arrangement, 
or  tool  used  in  manufactoring  is  determined  solely  by  the  quality 
and  quantity  of  its  output.  To  some  extent  this  is  modified  by 
the  skill  of  the  workman  using  the  machine  or  tool.  However, 
machines  and  tools  should  be  desigued  and  constructed  so  that 
the  factor  of  skill  in  handling  will  be  ineflfective  except  in  con- 
tributing to  produce  a  better  quality  or  a  greater  quantity  of 
work  than  is  demanded  in  the  specifications. 

Now  in  order  for  the  designer  to  be  capable  of  designing  a 
machine  t)r  a  tool  which  will  meet  modem  requirements,  he  must 
first  be  thoroughly  practical  and  familiar  with  the  details  of  the 
various  lines  of  manufacture  in  which  his  creation  is  to  be  em- 
ployed. A  theoretical  knowledge  of  the  properties  of  all  materi- 
als, under  all  conditions,  must  also  be  possessed  by  the  man  who 
wishes  to  accomplish  things  in  tool  design,  before  he  can  hope  to 
solve  the  innumerable  problems  which  will  confront  him.  Wlien 
the  vast  field  to  be  covered  is  considered,  it  is  plain  to  all  that 
the  task  that  is  set  is  no  ordinary  one  and  that  his  mental  equip- 
ment must  be  very  complete  in  order  for  him  to  succeed.  It  is 
well  that  the  comparatively  limited  number  of  methods  employed 
in  the  working  of  metals  contribute  somewhat  to  the  lightening 
of  his  load.  These  methods  may  Ije  enumerated  as  follows: 
forging,  rolling,  pressing,  turning,  drilling,  tapping,  planing, 
milling,  grinding,  punching,  shearing,  and  sawing.  This  list 
comprises  the  most  imx>ortaut  methods ;  the  rest  are  minor  and 
may  be  virtually  classified  under  some  one  in  the  above-enumer- 
ated list. 

THE  GREAT  PRINCIPLE  OF   REPRODUCTION. 

The  designing  and  constructing  of  fixtures  and  special  tools 
to  be  used  in  machine  tools  for  modern  manufacturing  represent 
the  highest  application  of  the  great  i)rineiple  of  reproduction. 
It  is  this  subject  that  we  are  about  to  take  up,  and  it  ox)mpre- 
hends  not  only  the  tools'known  as  jigs  and  fixtures,  but  all  spe- 
cial tools  of  various  types  which  are  in  general  use  to-day  for  the 
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cheap  and  accurate  production  of  parts  in  duplication  and  repe- 
tition, whether  of  metal  or  other  material.  The  inception  of  the 
grand  principle  may  be  traced  back  almost  to  the  beginning  of 
time. 

Perhaps  the  earliest  application  of  the  principle  of  reproduc- 
tion was  in  the  moulding  of  plastic  materials  which  were  after- 
wards baked.  From  the  days  of  the  first  use  of  moulds  to  the 
application  of  the  principle  in  the  art  of  printing  was  a  long 
step,  yet  it  was  in  that  art  that  it  next  found  use  in  printing 
from  hand  engravings  and  afterwards  from  removable  type.  Fol- 
lowing this,  the  principle  was  applied  in  the  making  of  repro- 
ductions of  paintings  and  lithographs,  in  the  coining  and  stamp- 
ing of  metals,  and  then  in  the  casting  of  metals  and  numerous 
other  materials.  In  fact,  I  might  go  on  for  pages  and  trace  the 
application  of  the  principle  of  reproduction  down  to  to-day,  and 
at  length  stop  at  a  set  of  tools  for  the  repetition  production  of  a 
modern  universal  milling-machine  or  a  precision-lathe. 

The  most  advanced  application  of  the  principle  of  reproduc- 
tion in  which  we  are  interested  is  to  be  found  in  the  use  of  tem- 
plets, gauges,  jigs,  fixtures,  and  cradles,  as  those  tools  are  chiefly 
used  in  working  and  cutting  parts  of  metal,  to  a  limited  degree 
of  variation,  which  have  been  previously  roughly  formed  by  the 
processes  of  rolling,  drawing,  forging,  or  casting. 

FUNCTIONS  OF   JIGS  AND   FIXTURES. 

In  jigs  and  fixtures  their  functions  are  often  combined  with 
those  of  machines  in  which  they  are  used,  such  as  a  machine  of 
special  design  fitted  for  operating  on  parts  of  the  same  size  and 
shape,  the  work  being  located  and  the  tools  operated  by  devices 
self  contained  in  the  machine.  This  we  find  in  a  multiple  spin- 
dle drill,  which  has  been  specially  equipped  for  drilling  all  holes 
in  a  part  of  a  machine  or  in  a  large  plate,  the  drill -spindle  cases 
being  rigidly  fixed  in  position  in  a  certain  relation  to  each  other. 
In  a  machine  of  this  type  the  position  of  the  drill  spindles  repre- 
sent the  jig,  as  it  is  only  necessary  to  place  the  work  on  the  table 
and  the  holes  may  be  drilled  in  the  same  position  as  those  in  the 
preceding  piece. 
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TEMPLETS. 

Templets  are  tools  made  of  flat  pieces  of  metal,  usually 
sheet  metal,  which  are  used  to  lay  upon  surfaces  and  are  lo- 
cated by  the  eye,  fingers,  or  fixed  flanges  or  pins,  etc.,  so  that 
certain  edges  of  the  templet,  out- 
side or  inside,  may  be  used  as  a 
guide  for  scribing  outlines  of  them 
on  the  surfaces  of  the  work — the 
outlines  to  serve  as  guides  for  drill- 
ing holes,  cutting  grooves  below 
the  general  surface,  or  for  forming 
the  outer  or  inner  edges  of  the  part 
to  the  external  or  internal  outlines 
of  the  templet.  Thus  a  tool  of  this  kind  reproduces  marked  lines 
with  accuracy  to  a  degree  dependable  ujion  the  care  taken  by  the 
user.  The  working  to  those  lines  afterwards,  however,  is  subject  to 
variable  error,  as  much  depends  upon  the  skill  of  the  workman. 

As  an  illustration,  let  us  say  that  we  make  a  templet  of  con- 
siderable thickness  and  secure  it  firmly  to  the  work,  so  as  to  allow 
of  using  the  locating  edges  for  actual  guides  for  the  cutting  tools 


FlO.  1. 


X 


o 


t ill  I  mut 


Fio.  2. 


Fia.  3. 


— ^take  Figs.  1  and  2,  for  instance.  By  doing  this  we  get  the 
simplest  form  of  flat  jig.  When  the  outside  edges  of  such  a 
templet  are  used  to  locate  finished  edges  in  the  work,  the  tool 
becomes  either  a  filing,  milling,  shaping,  or  planing  jig,  as  the 
case  may  be.  The  most  usual  use  of  a  flat  jig,  however,  is  to  lo- 
cate cylindrical  holes  of  various  sizes  and  kinds  to  be  drilled 
with  drills  or  other  similar  tools,  or  to  locate  grooves,  angles,  or 
keyways  in  parts  in  certain  relative  positions  with  other  finishing 
points.     Fig.  3  illustrates  a  die  templet. 


32 


TOOL-MAKING  AND 


i:==^ 


GAUGES. 

In  gauges,  their  general  function  is  to  verify  standard  meas- 
urements between  points  and  locations.  While  the  use  of  such 
tools  is  well  enough  known  to  make  a  detailed  description  of  them 
superfluous,  a  few 'remarks  are  essential.     In  accurate  work 

"  limit "  (Fig.  4)  gauges  are  frequently 
used.    One  gauge  represents  the  maxi- 
mum of  allowable  inaccuracy  and  the 
other  the  maximum  of  accuracy  re- 
quired— the  work  coming  within  these 
allowable  limits.     Thus  we  see  that 
the  purpose  of  gauges  is  not  so  much  to  locate  the  points  of  the 
various  finished  surfaces  in  a  piece  of  work,  as  to  inspect  them 
after  they  are  so  located. 

FLAT  JIGS. 

In  regard  to  flat  jigs  it  may  be  said  that  the  simplest  form 
consists  usually  of  a  flat  plate  of  iron,  through  which  certain 
holes  have  been  accurately  located  and  carefully  drilled ;  the  up- 
per and  lower  surfaces  of  the  plate  having  first,  of  course,  been 
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machined  true.  Thus  if  a  flat  jig  is  in  the  form  of  a  square,  or 
of  rectangular  shape,  and  of  considerable  thickness,  as  shown  in 
Fig.  5,  or,  in  other  words,  of  the  same  shape  and  size  as  the 
parts  which  are  to  be  drilled,  it  may  be  clamped  in  position  on  a 
drill-press  table  and  a  pair  of  parallels  used  to  set  against  two 
of  its  edges,  the  parallels  being  set  at  right  angles  to  each  other 
and  clamped  when  the  drill  has  been  set  to  enter  one  of  the  holes 
to  the  depth  required,  or  all  the  way  through,  whichever  may  be 
the  case.     After  this  has  been  done  the  model  or  flat  j.ig  may  be 
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removed  and  the  parts  drilled  in  exact  duplication  of  it  by  setting 
them  against  the  parallels  and  clamping  them  and  then  drilling. 
Then  again  the  flat  jig  may  be  made  to  fit  the  top  of  the  work 
and  the  holes  drilled  by  guiding  the  drill  through  those  in  the  jig. 
A  type  of  flat  jig  most  generally  used  is  shown  in  Fig.  7. 
They  are  usually  equipped  with  downward  projecting  lugs  or 
pins,  which  are  used  to  locate  the  jig  on  the  work,  thus  obviating 
the  necessity  of  depending  on  the  hand  or  fingers  of  the  operator 
for  the  locating.  Very  often  devices,  such  as  screws,  clamps,  or 
other  fasteners,  are  contained  in  the  jig  (Fig.  8),  being  located 
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upon  one  or  more  sides  of  the  jig,  the  same  serving  to  pull  the 
jig  in  one  or  two  directions  against  the  work.  Where  the  work 
varies  in  size  or  shape,  such  as  in  castings,  the  clamping  is  usu- 
ally central  and  made  to  operate  in  all  directions,  so  as  to  com- 
pensate for  the  degree  of  variation  in  the  castings. 

BOX-JIGS. 

In  the  further  development  of  the  reproducing  principle,  we 
come  to  the  box- jig.  This  type  of  jig  stands  upon  its  own  bottom 
when  in  use,  the  work  being  dropped  into  it  and  located  by  suit- 
able means  against  stops  and  down  on  bosses  on  the  sides  of  the 
jig  and  on  the  inner  surface  of  its  bottom.  A  jig  of  this  kind  is 
usually  equipped  with  a  lid  in  which  the  bushin<^s  for  guiding 
the  drills  are  located.  Very  often  the  work  is  located  and  fast- 
ened within  such  jigs  by  merely  dropping  the  lid  down  and  fast- 
ening it.  When  all  holes  to  be  drilled  in  a  box -jig  are  to  be  par- 
allel to  each  other,  the  jig  always  stands  upon  its  bottom  while 
in  use;  but  when  holes  are  to  be  drilled  at  riglit  angles,  from  the 
top  and  sides  or  from  any  of  the  six  sides  of  the  jig,  it  is  neces- 
sary that  all  opposite  sides  from  which  drilling  is  to  be  done 
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should  be  provided  with  surfaces  for  restiug  the  jig  ou  the  table. 
These  resting  surfaces  or  "bottoms  "  may  be  at  any  desired  angle 
to  each  other,  may  be  cast  with  the  jig  body  and  machined  and 
squared,  or  be  of  steel  and  screwed  or  forced  in. 

Box -jigs  of  the  most  common  types  are  frequently  used  for 
drilling  all  holes  in  frames  of  small  machines,  standards,  or  other 
similar  parts.  The  work  is  put  into  the  jig  and  located  by  cer- 
tain surfaces  which  are  most  favorable  for  producing  uniformity. 
After  the  work  is  located  the  jig  is  placed  on  the  table  of  a  gang 
drill  and  all  holes  finished  as  desired ;  drilling,  counter-boring, 
boring,  or  reaming,  as  may  be  desired,  each  spindle  of  the  drill 
being  equipped  with  the  proper  tools  to  accomplish  the  opera- 
tion required.  Thus  by  the  use  of  such  jigs  unskilled  labor  may 
be  employed  for  drilling  any  number  of  accurately  spaced  holes 
in  thousands  of  pieces,  with  the  certainty  that  interchangeability 
will  be  assured.  As  the  jig  may  be  constructed  so  as  to  be  easy 
to  manipulate  while  sliding  it  from  one  spindle  to  another  or 
turning  it  on  its  different  sides,  the  physical  exertion  required  of 
the  operator  is  not  great ;  therefore  the  work  is  accomplished 
accurately  with  ease  mentally  and  physically. 

Again,  we  will  often  find  the  box -jig  in  simpler  form,  the 
general  shape  being  flat  with  a  number  of  lugs  or  legs  projecting 
downward.  With  a  jig  of  this  sort  the  lower  surface  of  the  lugs 
serve  as  legs,  the  work  being  clamped  up  against  the  lower  sur- 
face of  the  jig  body.  Then,  again,  there  is  still  another  type, 
which  might  properly  be  called  a  "skeleton'' jig,  from  the  fact 
that  it  is  merely  a  light  skeleton  frame  in  form.  It  is  for  very 
heavy  work  that  these  skeleton  jigs  are  used,  weight  being  a  con- 
siderable factor,  and  in  order  for  the  operator  to  be  able  to  han- 
dle the  combined  jig  and  work  without  undue  exertion  the  jig 
must  be  made  as  light  as  possible. 

WORK  THAT  SHOULD   NOT    BE    JIGGED— JIGS   FOR 

HEA\^   WORK. 

While  most  machine  work  can  be  "jigged"  to  advantage, 
there  is  some  that  it  would  be  obviously  impracticable  to  handle 
in  this  way;  such  as  machine  bases  of  large  size,  lathe  beds, 
large  press  frames,  etc.     On  the  contrary,  it  is  always  well  to 
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contiuue  doing  all  necessary  work  on  such  parts,  such  as  turning, 
planing,  and  milling,  by  the  ordinary  methods ;  using  templets 
and  gauges  for  locating  the  finished  surfaces,  and  then  afterwards 
using  small  local  jigs  or  templets  for  locating  necessary  holes 
from  some  of  the  already  finished  surfaces.  When  jigs  are  used 
for  such  work  they  should  be  made  for  locating  only  one  hole  or 
for  locating  two  or  a  number  of  them  which  are  to  be  placed 
close  together.  When  such  jigs  are  made  small  enough,  they 
may  be  handled  with  ease  and  located  in  succession  on  various 
parts  of  the  work. 

While  the  saving  of  weight  is  very  important  in  making  large 
jigs  in  order  to  allow  of  their  easy  handling,  it  must  not  be  car- 
ried too  far.  It  is  absolutely  necessary  in  jigs  for  heavy  work 
that  lightness  be  combined  with  stiffness,  and  this  can  only  be 
brought  about  through  careful  designing.  Very  often  large  jigs 
have  been  carefully  made  which,  when  fastened  to  the  work, 
would  bend  or  twist,  thus  throwing  the  holes  and  locating  points 
out  of  place,  the  cause  being  inattention  on  the  part  of  the  de- 
signer to  the  factor  of  stiffness. 

For  the  frames  of  large  jigs  it  will  usually  be  found  best  to 
use  cast  iron,  as  with  this  metal  the  working  parts  will  maintain 
their  position  without  warping  or  bending;  in  fact,  they  will 
remain  positive  until  a  sufficient  strain  has  been  brought  to  bear 
on  them  to  crack  them.  When  bodies  of  such  jigs  are  made  of 
steel  castings,  forgings,  or  bniss,  they  often  become  inaccurate, 
and  these  defects  are  not  usually  discovered  until  a  large  quantity 
of  valuable  work  has  been  spoiled  by  their  use. 

CHEAP  JIGS. 

For  small  quantities  of  work  cheap  jigs  are  sometimes  used. 
They  are  made  by  simply  drilling  the  working  liok\s  through  the 
body  of  the  cast  iron  or  steel  plate  of  which  they  are  made.  Of 
course,  jigs  of  this  construction  are  not  very  durable,  as  the 
drills  wear  the  holes  and  the  alignment  is  not  maintained. 
Then,  again,  such  jigs  are  made  by  fastening  a  hardened  steel 
plate  inwhicii  the  proper  working  holes  have  lx?en  drilled  to  the 
frame  of  the  jig.  However,  the  use  of  hardened  steel  plates  for 
the  purpose  designed  is  somewhat  interdicted  by  the  warping  of 
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the  steel  in  hardening,  thus  destroying  the  alignment  and  displac- 
ing the  holes  in  their  relation  to  each  other. 

ACCURATE  JIGS. 

When  large  quantities  of  accurate  work  are  to  be  done  in 
jigs,  the  tools,  of  course,  should  be  carefully  made.  In  such  jigs 
drill  guiding  holes   should   always  be  bushed  with  hardened, 
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lapped,  and  ground  steel  bushings,  made  to  standard  external 
diameters,  so  that  they  may  be  easily  replaced  when  the  inside 
has  been  worn  by  the  revolving. of  the  drills  while  working. 
Such  bushings  are  usually  forced  tightly  into  reamed  holes  in  the 
jig  bodies.  For  i)roducing  accui'ate  work  in  small  quantities 
interchangeable  bushings  are  used,  a  full  set  of  them  being  kept 
on  hand.  These  bushings  may  be  used  in  any  of  the  large  jigs  in 
the  shop  indiscriminately. 

TOOL-ROOMS   AXD   THEIR   EQUIPMENT. 

Xaturally,  in  a  chapter  devoted  to  the  value  of  tools  and  the 
evolution  and  development  of  tool -making,  one  expects  to  find 
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something  on  tool-rooms ;  at  all  events,  a  few  remarks  on  the 
subject  will  be  timely. 

Tool-rooms  are  of  two  classes — ^those  in  which  tools  and  fixt- 
ures are  made  and  those  in  which  they  are  kept.  In  those  of 
the  first  class  the  most  important  item  is  the  lathe.  An  approved 
type  of  a  modem  tool-maker's  lathe  is  shown  in  Figs.  9  and  10, 
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the  general  features  of  which  are  apparent.  It  is  a  ten-inch, 
tool-maker's  lathe,  and  its  design  and  construction  represent  the 
attainment  of  perfect  and  complete  convenience.  It  is  one  of  the 
most  complete  precision-lathes  ever  i)roduced  for  tlie  tool -maker 
or  model-maker.  Now,  of  all  machine  tools,  for  eitluM*  tool-mak- 
ing or  manufacturing,  the  lathe  is  king.  If  a  machine-shop  or  a 
tool-room  is  to  have  only  one  tool  in  it,  it  is  obvious  to  all  that 
the  tool  should  be  a  lathe,  and  it  slioukl  be  a  good  lathe.  With 
a  good  lathe  and  a  skilled  mechanic  to  operate  it  and  bring  out 
all  its  capabilities,  almost  anything  in  the  line  of  tool-making 
and  machine  construction  may  be  accomplished.  As  to-day  lathes 


38  TOOL-MAKING  AND 

are  being  built  in  the  most  astonishing  variety  of  capacities,  from 
the  delicate  precision-lathe  to  the  ponderous  three-hundred  tons 
gun-lathe,  no  difficulties  should  be  experienced  in  procuring  one 
for  any  special  line  of  tool-making  or  manufacturing. 

After  the  lathe,  next  in  importance  comes  the  drill-press,  the 
selection  of  which  depends  upon  the  class  of  work  to  be  done. 
Usually  there  should  be  two — a  small  sensitive  drill  and  a  large 
column  machine.  Next  we  have  the  universal  milling-machine, 
with  its  boundless  possibilities.  In  order  of  importance  the 
shaper  and  planer  come  next,  and  in  their  choice  the  nature  of 
the  work  to  be  done  is  also  the  chief  factor  to  be  considered. 
Vises  and  small  tools,  of  coui^  follow;  then  the  speed-lathe, 
for  hand-tooling,  polishing,  and  lapping.  Lastly^  the  modern 
tool-room  is  not  complete  without  a  tool-grinder.  All  of  these 
machines  are  sufficiently  well  known  and  a  detailed  description 
of  any  would  only  take  up  valuable  space. 

In  regard  to  a  tool -room  of  the  second  class,  it  must  be  obvi- 
ous to  all  that  its  chief  requisites  are  that  it  shall  form  a  conven- 
ient place  where  tools  and  appliances  may  be  systematically 
and  handily  distributed.  In  a  small  establishment  only  one  tool- 
room is  necessiiry,  but  in  any  extensive  establishment,  where 
there  are  several  buildings  and  several  floors  in  each  building,  it 
is  necessary  that  there  shall  be  a  number  of  toolrooms  in  order 
that  there  shall  be  convenience  in  the  distribution  of  the  tools. 

In  order  that  the  reader  may  understand  what  a  tool -room 
should  be  like,  it  is  essential  that  a  short  description  of  a  model 
one  should  be  presented.  I  know  of  no  better  way  of  doing  this 
than  by  describing  those  in  the  shops  of  Brown  &  Sharj)e,  Provi- 
dence, R.  I.,  U.  S.  A.  In  their  shops  the  dijfferent  tool-rooms 
are  much  alike,  the  largest  one  being  on  the  second  floor  of  the 
main  building,  where  all  lathe  tools  are  ground  on  a  Seller's 
grinder  before  being  given  out,  and  other  work  of  like  character 
done.  Like  all  shops  in  which  large  numbers  and  varieties  of 
tools  are  in  use,  the  check  system  is  in  use.  Ten  checks  are  giv- 
en each  workman,  one  of  which  is  placed  opposite  the  place  re- 
served for  any  tool  that  he  has  out.  One  noticeable  and  excel- 
lent feature  of  these  tool-rooms  is  the  good  supply  of  parallels  in 
each.     To  save  checks,  when  a  workman  requires  several  paral- 
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lels  the  system  shown  in  Fig.  11  is  in  nse.  The  parallels  are  placed 
in  pigeon-holes,  those  of  one  size  in  one  row,  the  next  larger  in  a 
row  below,  and  so  on.  At  the  right  is  a  board,  on  the  side  of 
which  is  marked  the  size  of  the  parallels  in  each  row,  and  at  the 
top  of  which  are  the  numbers  1  to  6,  to  indicate  the  number  of 
parallels  in  use.  Checks  in  the  positions  shown  would  indicate  that 
a  workman  had  out  four  1^-inch  parallels  and  three  2i-inch  ones. 
In  a  great  many  shops  it  is  common  to  keep  the  tool -rooms 
supplied  with  sets  of  taps  and  tap-drills  together  in  two  blocks, 
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only  one  check  being  necessary  to  secure  the  whole.  In  the 
Brown  &  Sharpe  tool-rooms  the  tap  blocks  are  more  completely 
equipped  than  usual.  Each  set  or  block  consists  of  a  full  set  of 
drill,  tap-drill,  starting,  sizing,  and  bottom-tap,  two  counter- bores 
for  holes  where  countersunk  head-screws  are  used,  one  counter- 
bore  having  a  tip  the  size  of  a  standard  hole  and  the  other  to  fit 
a  tap-drill  hole;  each  block  also  contains  a  test  plug,  giving  the 
size  of  a  standard  head  for  screws  of  that  size  and  a  tap-wrench. 
In  regard  to  keeping  track  of  workmen's  supplies,  there  is  a 
novel  system  in  use.  It  consists  of  a  six-sided  ease,  one  in  each 
tool-room,  on  the  sides  of  which  hang  an  extra  size  of  ten  checks 
for  each  man.  The  top  of  the  case  is  divided  into  several  com- 
partments, marked,  respectively,  "Oil,"  "Waste,"  "Towels," 
"Emery  Cloth, ''.etc.,  and  when  a  man  wants  a  ball  of  waste  one 
of  his  checks  is  dropped  into  the  receptacle  bearing  this  name. 
Thus  after  a  certain  time  has  elapsed  the  checks  may  be  removed, 
counted,  and  a  record  taken  of  the  amount  of  supplies  which  each 
man  has  used.     The  checks  are  then  put  back  on  their  pins. 


CHAPTER  III. 

Fundamental  Principles,  Processses  and  Practical 
Points  for  Jig  Design  and  Construction. 

Before  taking  up  the  various  types  of  jigs  and  fixtures  used 
for  the  production  of  repetition  parts  by  drilling  and  milling, 
and  illustrating  them  and  describing  their  construction  and  use 
in  detail,  I  have  thought  best  to  devote  a  chapter  to  a  presenta- 
tion of  the  fundamental  principles,  various  processes,  and  prac- 
tical points  which  are  required  to  be  understood  in  order  to  suc- 
cessfully design  and  construct  drilling  jigs  and  fixtures  or 
similar  special  tools  used  for  the  machining  and  duplication  of 
machine  parts.  If  the  rules  laid  down  are  followed,  much  un- 
necessary labor  and  expense  will  be  avoided  and  the  best  of 
results  attained.  The  descriptions  are  given  from  an  entirely 
practical  point  of  view,  the  theoretical  not  being  touched  upoii 
and  anything  purely  speculative  being  omitted. 

FACTOES  INVOLVED. 

In  the  first  place,  let  it  be  understood  that  there  is  no  one 
other  branch  of  the  machine  business  that  requires  more  thought, 
wider  kuoAvledge,  and  broader  experience  of  shop  conditions  than 
the  designing  of  jigs  and  fixtures,  and  in  order  for  one  to  be 
competent  to  do  this  work  successfully  he  must  possess  this  essen- 
tial knowledge  of  shop  conditions.  To  those  who  are  not  so 
equipped  a  close  study  of  the  chief  factors  and  the  fundamental 
principles  involved  will  be  of  untold  value. 

In  jig  and  fixture  work  there  are  six  highly  important  factors 
to  be  considered:  1.  The  course  the  work  is  to  follow  during 
manufacture.  2.  The  locating  and  securing  of  the  work  in  the 
fixtures.  3.  Keeping  of  the  locating  points  for  the  work  free 
from  chips  and  dirt.  4.  Self-contained  tools.  5.  The  class  of 
help  that  will  use  the  tools.  6.  Convenience  and  ease  in  hand- 
ling the  tools  during  their  operation. 
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Taking  the  first  factor — the  course  of  the  work  during  manu- 
facture— we  will  say  that  a  part  of  a  machine  is  given  us  to  design 
tools  for  its  production  in  repetition.  Now  Siiy  that  the  part,  in 
order  to  complete  it,  will  have  to  go  through  two  operations, 
drilling  and  milling.  The  question  is  which  should  be  done 
first,  the  drilling  or  the  milling! 

In  most  cases  where  the  part  is  to  be  drilled  and  milled,  it  is 
best  to  provide  for  doing  the  milling  first ;  because  it  is  desirable 
that  the  drilled  holes  and  milled  surfaces  shall  bear  a  certain 
definite  relation  to  each  other,  and  because  by  having  the  holes 
drilled  from  a  milled  surface  greater  accuracy  and  interchange- 
ability  in  the  parts  can  be  obtained  than  if  the  milling  were  at- 
tempted after  the  drilling  of  the  holes.  However,  in  order  to 
decide  the  question,  a  ''  working  point  or  surface ''  must  be  de- 
cided upon.  Whether  the  part  to  be  machined  is  a  casting  or 
not,  there  is  always  one  point  which  from  its  position — that  is,  in 
relation  to  others — should  be  taken  as  a  "  working  point,"  a  point 
to  work  from  and  refer  to  in  all  subsequent  operations  required 
to  manufacture  the  particular  part.  The  point  chosen  may  be  a 
hole,  a  plain  surface,  a  slot,  or  a  lug  or  a  boss — it  matters  not. 

THE  LOCATING   AND    HOLDING  DEVICES. 

Now  having  chosen  the  working  poiiit,  it  follows  that  this  is 
the  point  to  be  machined  first,  and  that  the  first  jig  or  fixture  to 
be  made  is  the  one  for  this  operation.  This  is  the  secret  of  suc- 
cessful jig-making.  Also  use  this  point  for  the  locating  of  the 
work  in  the  different  jigs  and  fixtures  for  subsequent  opemtions. 
Never  change  a  working  point,  as  the  performing  of  one  opera- 
tion from  one  point  and  the  next  from  another  is  not  conducive 
to  good  results. 

When  designing  fixtures  for  drop-forgings,  turned  work, 
punch-blanks,  or  any  part  that  has  been  previously  put  through 
a  cutting,  abrading,  compressing,  or  forming  operation,  the  con- 
tour of  the  part  is  usually  such  that  the  holding  of  it  is  a  simple 
matter,  especially  if  the  first  operation  is  to  be  a  milling  cut. 
With  castings,  however,  through  their  lack  of  uniformity  in 
many  cases,  fixtures  of  intricate  and  costly  design  are  required, 
thus  necessitating  considerable  care  and  judgment  in  the  devising 
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of  the  locating  and  holding  means.  If,  instead  of  milling,  it  is 
decided  that  the  drilling  should  be  done  first,  and  that  the  holes 
so  produced  are  to  be  used  in  locating  and  securing  the  work  in- 
stead of  using  the  outline,  it  will  be  found  that  a  simpler  and  less 
costly  fixture  can  be  used.  Whichever  course  is  decided  upon, 
the  fixtures  should  be  so  designed  as  to  allow  of  all  operations  of 
one  class  being  completed  before  commencing  on  another  class. 

Now  in  regard  to  locating  and  securing  the  work  quickly,  ac- 
curately, and  easily,  these  are  factors  of  the  greatest  importance, 
and  it  is  difficult  to  discuss  them  properly,  for  the  efficiency  of 
the  finished  work  depends  more  than  anything  else  upon  them. 

The  various  methods  in  universal  use  for  locating  and  fasten- 
ing the  work  to  be  machined  in  jigs  and  fixtures,  such  as  hunters, 
cams,  set  screws,  spring  pins,  slides,  flat  taper  pins,  etc.,  are  well 
known,  and  I  will  not  attempt  to  lay  down  a  general  rule  for 
their  application,  as  this  must  be  decided  by  the  designer  accord- 
ing to  the  type  of  fixture  and  the  nature  of  the  work. 

One  of  the  most  essential  conditions  necessary  to  the  accurate 
and  rapid  production  of  work  in  jigs  and  fixtures  is  convenience  in 
keeping  the  locating  point  free  from  dirt.  This  must  be  evident 
to  any  one  at  all  familiar  with  the  use  and  object  of  such  tools. 

When  I  state  that  tools  should  be  self-contained,  I  mean  that 
all  devices  and  means  utilized  in  the  locating  and  securing  of  the 
work  should  be  component  parts  of  the  tool.  When  this  is  the 
case,  the  operator  is  not  obliged  to  use  a  hammer,  wrench,  or 
any  other  tool  in  order  to  operate  the  fixture. 

SI]VIPLE  DRILLING -JIGS. 

When  drill-jigs  of  the  comparatively  simple  types  are  to  be 
constructed  for  the  machining  of  parts  in  which  no  great  accu- 
racy is  required,  the  main  point  to  be  considered  is  the  inter- 
changeability  required  in  the  work  after  it  is  machined.  With 
this  point  constantly  in  mind,  the  avoiding  of  all  unnecessary 
expense  and  labor  will  not  be  difficult.  In  the  construction  of 
simple  jigs,  which  are  to  be  used  for  the  drilling  of  parts  which 
have  been  first  finished  at  one  or  more  points,  or  for  rough  cast- 
ings which  have  not  had  any  previous  machining,  the  most  essen- 
tial points  necessary  to  their  successful  construction  and  use  are 
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as  follows:  First,  in  making  the  patterns  construct  them  ao  as  to 
leave  openings  in  the  castings  at  all  points  wherever  possible* 
without  affecting  the  strength  or  rigidity  of  the  eastings  when 
finished,  for  the  escape  of  the  chips  and  dirt.  Second,  provide 
spots  with  just  surface  enough  to  allow  of  their  rapid  surfacing. 
Lastly,  so  design  the  jig  as  to  allow  of  the  exi)editious  fs^tening 
and  locating  of  the  work  and  its  removal  when  finislied,  as  this 
is  one  of  the  important  factors  in  the  oi>eration  of  such  tools. 

COXSTRUCTING   SIMPLE  JIGS. 

When  constructing,  after  having  done  the  preliminary  ma- 
chining of  all  necessary  outside  points,  chcx)se  the  most  ivliablo 
and  positive  points  for  locating  the  work.  First,  a  machiniHl 
surface  for  the  positive  points  for  locating.  When  this  is  not 
possible,  those  points  in  which  the  minimum  of  .variation  is  to  Ik* 
expected  in  the  castings  should  he  chosen.  Then,  in  the  fasten- 
ing of  the  work  within  the  jig,  use  means  which  will  be  the 
quickest  in  operation  consistent  with  all  possible  simplicity. 
As  there  are  any  number  of  simple  and  inexpensive  devices  which 
can  be  adopted  to  allow  this,  it  should  not  be  diflicult. 

One  point  which  cannot  be  too  strongly  impivssiHl  on  the  de- 
signer of  simple  jigs  is  to  allow  excess  of  metal  at  as  few  points 
as  possible;  that  is,  only  at  the  locating  and  squaring  surfaces. 
The  all  too  prevalent  habit  of  leaving  unnecessjiry  surfaces  to  be 
finished  is  expensive  and  not  consistent  with  satisfactory  results. 

PROCESSES   OF   ACCURATE   JKJ-MAKINCJ. 

When  drill-jigs  are  to  be  made  for  the  drilling  of  work  in 
which  the  utmost  accuracy  is  desired,  the  locating  and  linisliing 
of  the  bushing-holes  is  of  the  greatest  importance,  and  for  tliat 
reason  I  give  here  descriptions  of  the  most  rapid  and  i)nM;tical 
methods  for  the  accomplishment  of  this  part  of  the  work. 

THE  BUTTON   METHOD   FOR   LOCATINCJ    DRILL 

BUSHIXG-IIOLES. 

In  the  first  place,  if  the  jig  to  be  made  is  of  the  box  tyi>e— 
which  is  the  most  generally  used  type — for  which  the  body  cast- 
ing has  been  secured,  after  all  sides  and  l^earing  surfac^es  have 
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been  planed  or  milleil  stjaare  and  true  with  each  other,  including 
the  feet,  it  should  be  rested  ou  a  surface  plate,  as  shown  in  Fig. 
12,  which  sboald  be  used  only  for  work  of  this  class.  If  the  feet 
are  cast  on  the  jig,  they  should  be  scraped  until  the  sides  of  the 


iM^y  portion  are  at  perfect  right  angles  with  their  bottoms  and 
until  all  legs  rest  iwrfectly  square  on  the  surface  plate.  If  tJie 
fet't  are  of  tool  steel  and  are  screwed  into  the  jig,  they  should  be 
linrdened  and  lapped  on  a  ilat  lapping-plate  (ns  shown  in  Fig. 
13),  until  the  same  results  are  accomplisheil.     This  preliminary 


work  oil  the  jig  is  the  basis  for  the  successful  attaining  of  all 
other  results,  and  unless  done  carefully  there  is  no  possibility  of 
the  remainder  of  the  work  being  accomplished  accurately. 

For  the  layiug  out  or  locating  of  the  bushiug-holca  in  jigs,  and 
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the  fiuiBhing  of  tbeiu,  there  are  any  number  of  methods  in  nse 
among  tool-makers.  Some  of  the^  methods  allow  of  fair  results 
being  attained,  while  others  are  useless,  nad  when  accnrate  or 
satisfactory  results  are  aceomplished  tboiigh  their  iiKe  it  is  pure 
luck,  not  the  nicthcMl  that  does  it.  There  is  only  one  method  for 
locating  biLshiug-holes  in  small  aud  medium-sized  jigs  accurately 
and  espcditiotisly. 

The  following  method  is  used  by  the  best  tool-makers  on  this 
class  of  work  and  is  known  as  the  "button  method":  In  shops 
where  jigs  for  accurate  production  are  constructed,  a  few  sets  of 
locating  buttons  shonid  be  kept  in  the  tool-room  as  standard 
sizes — say,  five-sixteenths,  oue-balf,  and  three-fourths  inch  in 
diameter,  as  shown  in  Fig.  14.  They  should  be  of  tool-steel  and 
finished  to  from  one-half  to  one  inch  in  length,  and  should  have 
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a  hole  throngh  them  lai^  enough  to  allow  about  three-sixty- 
fourths  inch  clearance  for  the  fastening  screws,  after  which  tliey 
should  be  hardened  and  then  ground  perfectly  stjuai-e  on  eiich 
end,  and  on  the  outside  to  standani  size,  finally  lapping  tlieni  to 
get  them  accurate.  One  end  of  the  button  should  btt  slifrlilly 
countersunk,  so  that  it  will  rest  sqnarely  on  the  Jig  when  in  posi- 
tion. The  centres  for  the  bushing-boles  in  the  jig  should  ne\l  \n- 
■  located  approximately  correct  by  the  dividci-s  and  then  jirick- 
punched.  They  should  then  be  drilled  and  tapped  for  the  button 
screws. 

To  locate  the  holes  positively,  first  seenrc  a  bntton  in  position 
by  working  from  two  sides  of  the  jig,  using  a  Brown  &  Sharpe 
betght-gange,  and  fa.sten  it  eecnrely  by  tightening  the  button 
screw.  Locate  the  next  hole  in  the  same  manner,  using  the  hei}.'bt 
gatige  or  vernier  gauge  to  get  the  buttons  exactly  the  projier  (lis- 


46 


TOOL-MAKING  AND 


taoce  apart  and  from  the  sides  of  the  jig,  the  hole  iu  the  buttons 
being  siiificiently  large  to  allow  of  adjustiug  them  in  auy  direc- 
tion. After  having  set  the  buttons  to  the  number  of  holes  re- 
quired, and  baviug  fastened  them  securely,  as  shown  iu  Fig.  15, 


the  finishing  of  the  holes  is  in  order.  This  may  be  accomplished 
by  strapping  or  clamping  the  jig  body  or  lid,  as  the  case  may 
require,  on  the  lathe  fiice-plate,  being  careful  not  to  spring  it, 
and  then  truing  the  first  button  by  the  use  of  a  centre  indicator 
or  "higgler,"  as  shown  in  Fig.  16.     The  button  should  then  be 


removed  and  the  hole  bored  and  reamed  to  tlietinisli  size.  Then 
sliift  the  jig,  locate  the  next  button  perfectly  true,  and  repeat 
the  boring  and  reaming  operations;  and  pi-ocecd  in  this  manner 
until  all  the  holes  required  have  been  fiidshed.     By  the  use  of 
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this  method  jigs  of  the  greatest  accuracy  can  be  successfully  con- 
structed without  trouble  and  worry  on  the  part  of  the  tool -maker, 
and  the  results  in  the  castings  to  be  machined  in  them  will  be  a 
foregone  conclusion. 

PATTERNS  FOR  CASTINGS  TO   BE  JIGGED. 

In  order  to  produce  good  work  from  intricate  jigs,  it  is  abso- 
lutely necessary  that  the  castings  to  be  drilled  in  them  should  be 
of  uniform  size  and  shape.  To  insure  this,  the  patterns  from 
which  they  are  cast  should  be  of  metal  in  all  cases,  finished  at  all 
points  to  the  size  required;  allowing,  of  course,  for  shrinksige 
and  surplus  stock  at  all  points  which  are  to  be  machined  pre- 
vious to  drilling.  When  perfect  patterns  are  made  there  will  be 
no  doubt  as  to  the  results  in  the  castings. 

If  the  method  described  in  the  foregoing  for  the  locating  and 
finishing  of  the  bushing-holes  in  small  jigs  of  the  accurate  types 
were  more  generally  known  and  used  by  tool-makers,  there 
would  be  less  worry  in  the  accomplishment  of  successful  results 
than  is  at  present  experienced  in  the  effort  to  obtain  the  same  by 
methods  which  are  now  obsolete. 

Besides  the  locating  and  finishing  of  the  bushing-holes  in  the 
most  accurate  manner,  the  following  must  be  kept  in  mind  in 
order  that  satisfactory  results  will  be  attained  in  jig-making. 
All  the  various  parts  of  such  jigs,  including  the  body  ciustings, 
should  be  made  sufficiently  heavy  and  strong  to  withstand  all 
strain  to  which  they  may  be  subjected  when  in  use.  The  man- 
ner of  locating  the  work  within  the  jigs  should  be  such  as  to  be 
positive  and  to  eliminate  the  possibility  of  shifting  during  the 
operation  of  the  tools.  For  instance,  it  would  be  ridiculous  to 
adopt  a  device  of  the  same  strength  for  fastening  a  piece  in 
which  a  one-inch  hole  is  to  be  drilled  as  would  be  used  for  hold- 
ing a  piece  in  which  a  one-half -inch  hole  is  required.  The  means 
and  points  chosen  for  the  fastening  of  the  work  within  the  jigs 
and  against  the  locating  points  should  l>e  such  as  to  allow  of 
rapid  manipulation  and  in  no  way  to  interfere  with  the  drilling; 
and,  lastly,  the  design  and  construction  of  the  tools  should  be 
such  as  to  disx>ense  with  all  unnecessary  parts  and  labor. 
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LOCATING   AND    FINISHING    DRILL  BUSHING-HOLES 
IN  LARGE  JIGS. 

Tlie  following  metliod  of  locating  and  finishing  bushing-holes 
pertains  to  largo  jigs.  As  a  rule,  the  castings  of  lai^  jigs  for 
uiacbiuing  heavy  parts  are  of  considerable  size  aud  weight.  It  is 
not  always  possible  to  swing  them  on  the  lathe  face-plate  and  fin- 
1^  the  boshiug-holes  hy  the  "button"  method;  as  the  cumber- 


some shaiw  and  unusual  size  of  Ihc  Ixxly  eastings  interdict  the 
accui-.ite  aud  positive  locating  of  the  buttons  and  make  the  task 
wellnigh  imx>ossibIe,  we  are  forced  to  adopt  other  means  which 
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will  allow  of  accomplisUing  the  result  in  an  easy  uiaoiier.  To  do 
this  we  use  a  universal  milling-machine  which  is  equipped  with 
a  vertical  attachment.     First,  we  strap  the  jig  body  on  the  table 


and  then  locate  the  holes  by  using  the  crossand  longitudinal  feed- 
screw graduations,  the  vertical  feed,  a  pair  of  twelve-inch  ver- 
niers, and  a  B.  &  S.  height-gauge.  The  actual  work  is  itccom- 
pllshed  by  first  locating  and  finishing  the  lioIe.s  in  the  upper 
surface  of  the  jig  l>ody,  using  a  small  drill-chuck,  as  shown  in 
Fig.  17,  located  in  the  socket  of  the  vertical  attachment,  and  a 
short,  stiff,  centering  drill.  We  space,  ccnti-e,  and  drill  the 
holes  to  the  number  required  in  their  ajiproxiniately  correct  po- 
sition, leaving  them  somewhat  under -size  and  in  their  accurate 
location  to  each  other.  To  size  and  finish  the  holes,  a  spindle 
should  be  turned  to  fit  the  socket  of  the  vertical  attachment  and 
a  small  cutter  inserted  in  the  protruding  end  of  it.     Thus  we 
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have  a  small  boring-bar,  as  shown  in  Fig.  18.  We  next  deter- 
mine the  distance  from  the  side  of  the  boring-bar  to  the  working 
side  of  the  jig  body  with  verniers.  We  deduct  one-half  the  di- 
ameter of  the  boring-bar  and  then  move  the  table  by  means  of 
the  cross  and  longitudinal  feed-screws  the  distances  required  in 
thousandths,  and  bore  the  hole  to  the  finish  size.  The  hole  being 
finished  we  make  a  plug  and  fit  it  to  the  hole  and  insert  it,  and 
then  finish  the  remaining  holes  by  working  from  the  plug  and 
the  side  of  the  jig,  measuring  with  the  verniers  from  the  side  and 
from  the  base  with  the  height-gauge.  Afterward  we  may  drill 
and  finish  the  holesi^in  the  other  sides  of  the  jig  body  in  the  same 
manner,  merely  reversing  the  jig  body  or  removing  the  vertical 
attachment  and  working  directly  from  the  miller-spindle,  as  may 
be  found  convenient. 

JIG  WOEK  ON  THE  PLAIN   MILLING-MACHINE. 

While  the  most  satisfactory  and  accurate  results  in  jig-mak- 
ing can  always  be  attained  on  the  lathe  face-plate  by  the  "  button 
method ''  or  on  the  table  of  the  universal  milling-machine  by  the 
vertical  attachment,  as  described  in  the  foregoing,  and  jobs  can 
be  done  that  would  be  wellnigh  impossible  of  accomplishment 
by  other  means,  it  must  not  be  inferred  that  the  plain  milling- 
machine  is  limited  in  its  sphere  of  usefulness  in  jig-making. 
Practice  has  proven  that  this  machine  tool  possesses  considerable 
utility  in  this  line. 

As  the  greater  number  of  jigs  required  are  rectangular  and 
have  bushing-holes  let  in  parallel  with  the  sides,  and  not  infre- 
quently the  bushing-holes  are  located  in  all  sides  of  the  jig  body, 
with  each  side  used  in  turn  as  a  bottom  to  set  the  jig  on  when 
drilling  from  the  opposite  side,  it  will  be  apparent  that  a  large 
part  of  the  work  necessarj'  to  construct  the  tool  can  be  conven- 
iently done  on  a  plain  miller  with  a  table  that  can  be  adjusted 
vertically.  We  will  say  that  we  have  a  jig  to  miike  with  bush- 
ings let  in  from  two  parallel  sides.  First  we  square  and  scrape 
the  bottom  locating  surfaces  and  then  clamp  the  jig  body  on  the 
plain  miller-table,  setting  it  square  with  the  spindle  and  as  far 
from  it  as  possible,  so  that  we  may  have  ample  room  between  it 
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and  the  work.  lu  some  cases  it  may  be  expeditious  to  clamp  an 
angle-plate  to  the  platen  at  one  side  of  the  work  square  with  the 
spindle,  so  as  to  assist  in  locating  the  fii-st  hole  and  proving  the 
work  as  we  proceed.  If  holes  are  to  be  put  in  all  of  the  differ- 
ent sides  and  the  jig  is  clamped  for  locating  the  holes  in  the 
second  side,  the  tool-maker  can  establish  without  trouble  the 
correct  relation  between  the  holes  by  taking  distances  from  the 
angle-plate  to  plugs  inserted  in  the  holes  first  bored,  as  per  Fig. 
19.  Wlien  the  distance  from  the  first  hole  to  the  side  of  the  jig 
is  determined,  we  add  the  distance  the  jig  is  from  the  angle- 
plate,  and  thus  determine  how  far  the  first  hole  is  from  the  angle- 


fMmtr 


ilrdor  aiiff 
(knUr  Drill 


FaralM 
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plate.  With  the  rest  of  the  work  there  are  a  number  of  ways  to 
follow,  but  the  most  practical  is  to  use  the  height-gauge  to  meas- 
ure all  distances.  Another,  that  is  almost  as  good,  is  to  insert 
an  arbor  in  the  miller-spindle  and  feed  the  table  forwaid  until  a 
piece  of  tissue  paper  will  just  draw  out  between  the  arbor  and 
the  angle-plate.  Then  by  means  of  the  dial  on  the  lougitudinal 
feed-screw  run  the  table  forward  the  required  distance.  When 
the  screw  on  the  machine  has  been  determined  to  be  correct,  one 
can  depend  on  the  dial  almost  wholly  for  the  vertical  spacing, 
while  the  platen  can  be  set  by  calii)ering  to  the  arbor  in  the 
spindle. 

In  doing  jig  work  on  the  plain-miller  a  parallcrean  often  be 
clamped  to  the  side  of  the  jig,  from  which  mejisuremeiits  may  be 
taken.  After  the  work  has  been  located  in  place  on  the  table  a 
miller-vise  may  be  clamped  to  the  platen  and  a  diamond-point 
tool  clamped  in  it,  with  which  the  test  arbor  in  the^pindle  may 
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be  turned  true,  as  shown  in  Fig.  20,  finishing  it  to  size  conven- 
ient to  use  in  locating  the  work  both  horizontally  and  vertically. 
Then  again,  a  turning-tool  may  be  clamped  to  the  back  edge  of 
the  table  with  a  parallel  spanning  the  distance  to  the  first  slot  in 
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Fig.  20. 


the  table,  and  in  this  way  true  a  piece  of  stock  M'hich  may  be 
held  in  a  chuck  in  the  spindle.  Any  tool-maker  who  has  done 
much  jig  work  on  the  miller  will  appreciate  the  advantage  and 
the  help  in  having  a  test  piece  in  the  spindle  running  perfectly 
true,  and  that  in  order  to  accomplish  accurate  work  it  is  neces 
sarj^  to  have  all  conditions  equally  accurate  and  reliable  a.s  the 
job  progresses. 

It  is  sometimes  necessary  to  bore  a  bushing-hole  in  a  jig  at 
an  angle  with  one  of  its  sides.  To  do  this  correctly  on  the  plain 
miller  we  can  set  the  jig  body  at  the  given  angle  M'ith  the  angle- 
plate — which  lijis  been  first  set  square  with  the  spindle — by  a 
bevel  proti'acter. 


HANDLING   LAEGE   JIG   BODIES. 

WTien  work  is  to  be  handled  that  is  larger  than  the  capacity 
of  the  milling-machine  platen,  it  is  only  necessary  to  provide  an 
auxiliary  platen  almost  as  long  as  the  machine  table  and  about 
twice  its  width,  and  bolt  it  to  the  machine.     This  emergency 
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tabic  Blioulil  be  provided  with  a  iiiiuiber  of  slots  or  holes  for  fas- 
teuiug  the  work  to  it.  Accurately  made  parallels  which  just  fit 
the  slots  iu  the  tabic  are  of  great  couveuieuce  iu  setting  such 
lar^  work,  while  a  block  with  a  tongue  to  fit  the  slot  and  nearly 
as  wide  iis  the  table  and  with  its  edge  uiilled  accurately  in  line 
with  the  spindle  axis  is  also  a  help. 

After  the  jig  is  liK-ated  and  ready  for  letting  iu  the  bushing- 
hole  (whether  on  the  lathe  face-plate  or  ou  the  table  of  the  uni- 
versal or  plain  milling -machine),  finiHliiug  should  not  be  done 
with  drill  or  reamer,  for  there  will  not  be  one  chance  in  a  thou- 
sand that  the  hole  will  be  accurately  located.  The  hole  mtist  be 
bored  to  a  finish  iu  order  to  do  a  correct  job. 

JIG   FEET. 

The  proper  feet  for  jigs  is  largely  a  matter  of  individual 
taste.  There  are,  I  l)elie\e,  quite  a-s  many  kinds  of  jig  feet  as 
there  are  jig  designers.  Someeveii  go  so  far  as  to  prefer  having 
no  feet  at  all  ou  their  jigs,  and  thus  obviate  the  possibility  of 
tHMible  with  the  drill-press  table  .slots. 

Figs.  21  to  30  show  "a  number  of  differeut  kinds  of  jig  feet. 
Figs.  21  and  22  arc  flat-base  types;  Figs.  2H  to  25,  cast  fw-t  on 


the  base  of  jigs.     Any  of  tlic*  make  good  feet,  tlie  one  shown 
iu  Fig.  23  t>eing,  of  course,  easier  to  make  and  just  as  good  sia 
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the  others  except  where  a  foot  of  considerable  length  is  neces- 
sary. With  steel  feet  all  sorts  and  sizes  are  used  and  give  satis- 
faction.    Figs.  26  to  30  are  types. 

In  concluding  this  chapter  it  will  not  be  amiss  to  emphasize 
the  advisability  of  becoming  practically  familiar  with  the  instal- 
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Fig.  24. 


lation  and  operation  of  the  interchangeable  system  of  manufac- 
turing. To  demonstrate  the  necessity  of  mastering  the  details  of 
the  system,  it  is  only  necessary  to  point  out  that  in  the  manufac- 
turing machine-shop  of  the  present  day  the  efficiency  of  the  ma- 
chines or  parts  turned  out  can  usually  be  judged  by  the  use  that 
is  made  of  proi)erly  designed  and  constructed  drilling  and  milling 
fixtures  and  jigs  for  the  production  in  repetition  of  the  most 


Fig.  25. 

accurate  operations  of  the  work.  Although  it  has  been,  and  is 
still,  possible  to  obtain  satisfactory  results  without  a  large  outfit 
of  such  tools,  no  shoj)  can  produce  interchangeable  parts  or  du- 
plicate machines  in  large  quantities  and  sell  them  at  a  price 
which  will  compete  in  the  open  market,  unless  it  has  an  ade- 
quate equipment  of  special  jigs  and  fixtures,  and  a  man  at  the 
head  of  it  who  thoroughly  understands  their  design,  construction, 
and  use. 


FIGS.  28-30. 


CHAPTER  IV. 

Types  of  Simple  and  Inexpensive  Drilling^igs ; 

Their  Construction  and  Use. 

In  order  to  discuss  the  subject  of  drilling- jigs  exhaustively, 
I  think  it  is  best  to  follow  up  the  chapter  devoted  to  the  funda- 
mental principles  for  such  work  by  first  taking  up  the  compara- 
tively simple  class  of  such  tools  which  are  used  for  the  machin- 
ing and  duplication  of  parts  in  which  great  accuracy  is  neither 
essential  nor  desirable.  As  before  stated,  the  main  point  to  be 
always  considered  by  the  constructor  of  tools  of  this  class  is  the 
degree  of  variation  allowable  in  the  work  that  is  to  be  machined. 


TWO  TYPES  OP  VEEY  SIMPLE  DRILLmG-JIGS. 

Fig.  31  is  a  plain  casting  with  two  ribs  cast  on  one  side.  The 
casting  is  first  planed  on  the  sides  A  Ay  and  a  cut  is  also  taken 
off  the  ribs.  It  is  then  ready  to  be  drilled.  As  the  holes  to  be 
drilled  are  clearance  holes  for  bolts  and  studs,  no  great  accuracy 
in  the  jig  is  required.     The  jig  for  this  casting  is  shown  in  three 

views  in  Fig.  32,  and,  as  will  be 
seen,  is  about  as  simple  and  in- 
expensive to  construct  as  could 
be  devised  for  the  work.  It  con- 
sists of  one  body  casting,  D,  with 
six  projections  on  one  side  for 
the  local ing-points  and  fasten- 
ing-screws. It  is  first  planed  on 
the  top  and  then  strapped  on  an 
angle-plate  on  the  miller-table,  and  the  inside  is  milled.  The 
inside  of  the  projections  F  and  E  E  are  finished  s(iuare  with 
each  other,  as  they  are  the  local  ing-points.  Holes  are  then 
drilled  for  the  set-screws  J  and  I  I  in  the  lugs  G  G  and  11  re- 
8X)ectively.     These  screws  are  case-hardened.     In  locating  the 
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holes  for  the  biishiugs,  a  casting,  planed  and  ready  to  be  drilled, 
is  laid  out,  and  the  holes  are  drilled  and  reamed  in  the  posi- 
tion and  to  the  size  necessary-,  so  that  they  will  coincide  with 
those  in  the  part  of  the  machine  on  which  the  casting  is  to  be 
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fastened.  This  casting  is  then  used  as  a  templet,  and  by 
means  of  the  screws  J  and  /  /  fastened  within  the  jig.  The 
holes  are  then  transferred  through  it  to  the  jig,  enlarged,  and 
reamed  to  size.  The  bushings  L  L  L  L  and  ^JTare  then  made, 
and  hardened,  lapped,  and  ground  to  size,  and  finally  driven 
into  the  jig.  The  castings  are  drilled  by  fastening  them  within 
the  jig  and  resting  them  on  the  face  of  the  ribs.  This  jig  is  easy 
to  handle  and  is  a  rapid  producer. 

The  jig  used  for  drilling  the  holes  P  P  and  O  O,  in  the  casting 
Fig.  33,  is  of  a  different  type  and  is  known  as  a  *' box-jig."  It 
is  in  design  one  of  the  simple.st  and  most  reliable  of  jigs  suitable 
for  drilling  work  of  the  class  shown,  where  holes  have  to  be 
drilled  at  right  angles  to  each  other.  The  casting  Fig.  34  is 
machined  at  one  point  only,  M  3/,  before  drilling,  by  means  of  a 
gang  of  mills,  the  size  being  exact  and  the  ends  square.  This 
milled  surface  is  utilized  as  a  locating-seat  for  the  work  when 
being  drilled.  The  jig  Fig.  34  is  in  two  parts — the  body  or  lx)x 
casting  A  and  the  lid  E.  The  body  casting  is  first  planed  squai'e 
on  all  sides,  and  the  inside  at  CC  finished  oft'  to  fit  the  milled 
portion  of  the  casting  at  M  J/.     A  cut  is  also  taken  off  the  back 
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at  D  for  the  side-locatiog  point  for  the  work.  The  lid  E  is  fast- 
ened to  the  body  casting  at  each  end  by  means  of  the  screws  and 
dowel-pins.  Two  holes  are  then  drilled 
and  reamed  through  the  lid  E  and  the 
base  A  for  the  taper  locking-pins  1 1, 
which  are  of  Stubs  steel  and  are 
milled  flat  on  one  side  and  hardened. 
The  centres  for  the  two  bushings  G 
G  in  the  side  of  the  jig,  and  the  font 
II  H  H  H  in  the  lid  are  accunttely 
located  by  setting  the  jig  on  the  sur- 
face-plate and  locating  the  centres  by 

the  use  of  a  Brown  &  Sharpe  height-gauge.  The  centre.'*  are  then 
prick-punched,  and  circles,  of  the  diameter  to  which  the  holes  are 
to  Imj  finished,  struck  aronnd  them  with  the  dividera,  Now  when 
holes  are  to  be  bored  an  exact  distance  apart — that  i«,  to  the 
smallest  possible  fraction  of  an  inch — the  only  way  to  accom])lish 


this  succeasfally  is  to  use  bnttons  and  to  strap  the  jif;  on  the 
face-plate  of  the  lathe,  and  accurately  locate  lliem  by  means  of  au 
indicator;  bnt  in  a  jig  where  a  generons  limit  of  error  is  al- 
lowed, as  in  this  case,  a  simple  and  more  expe<lieut  means  may 
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be  used.  The  best  and  most  reliable  way  is  to  strap  the  jig  on 
the  table  of  the  miller  and  locate  the  diill  true  and  central  with 
the  reference  hole,  after  which  the  other  holes  may  be  located  by 
moving  the  table  forward  or  backward,  or  raising  it  the  proper 
distance,  by  means  of  the  dial  on  the  feed-screws.  In  fact,  all 
bushing-holes  in  jigs  of  this  kind  should  be  drilled  in  this  man- 
ner, and  not  on  the  drill-press,  as  it  is  pure  luck  when  satisfac- 
tory results  are  attained  with  the  latter  method,  and  that  factor 
is  a  poor  and  unreliable  one  to  depend  on.  After  the  bushings 
are  made,  hardened,  and  driven  into  their  respective  positions, 
as  shown,  and  the  clamping-screw  J  made  and  entered  into  the 
lid  Ey  the  jig  is  complete. 

To  use  the  jig  the  casting  Pig.  33  is  slipped  into  it  so  that  the 
points  JlfJf  are  located  at  0  (7  in  the  jig.  The  clamping-screw 
J  is  then  tightened  and  the  two  taper-pins  entered  with  the  flat 
face  of  each  against  the  work,  and  each  given  a  sharp  blow  with 
the  hammer  to  locate  and  hold  the  work  tightly  and  positively 
in  position.  The  jig  is  then  stood  up  on  the  legs  B  B,  and  the 
four  holes  0  0  0  0  are  drilled.  It  is  then  turned  on  its  side, 
and  the  two  holes  P  P,  Fig.  33,  are  drilled.  The  clamping-pins 
/  /  are  driven  out  and  the  screw  J  loosened,  the  finished  work 
removed,  and  another  casting  inserted.  The  use  of  the  taper 
locking-pins  J  /,  as  shown,  is  one  of  the  quickest  and  most  posi- 
tive means  for  the  fastening  and  locating  of  work  of  the  class 
here  mentioned. 

The  two  jigs  described  embody  in  design  and  construction  a 
number  of  different  practical  points  which  can  be  adapted  for 
use  in  jigs  for  the  drilling  of  parts  wh'ich  have  first  been  finished 
at  one  or  more  points,  as  well  as  rough  castings  which  have  not 
been  finished  at  all  before  being  drilled.  Of  course,  for  the  lat- 
ter chuss  of  work,  except  in  special  Ciises,  jigs  of  the  simplest  and 
most  primitive  design  are  all  that  is  necessary,  and  they  are  not 
worthy  of  a  detailed  description. 

A   SIMPLE  FOURTEEN-HOLE  DRILLI:N^G-J1G. 

Fig.  35  shows  a  casting  used  as  a  leg  of  a  small  automatic 
machine,  and  the  jig  for  drilling  the  holes  in  this  casting  is  of  a 
more  accurate  and  complicated  design  than  the  two  previously 
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shown,  as  the  holes  drHled  in  the  bosses  A  B  C  D  are  for  shafts, 
and  must  be  exactly  the  proper  distance  apart  for  the  gears, 
which  are  afterward  assembled  on  the  shafts,  to  mesh  properly. 
The  casting.  Fig.  35,  is  first  machined  to  size  at  four  points, 
namely,  at  the  top  and  bottom  and  both  sides  of  the  bosses.  In 
all  there  are  fourteen  holes  to  be  drilled,  in  the  positions  shown. 
The  jig  used  in  drilling  the  holes  is  illustrated  in  three  views 
in  Fig.  36.  Fig.  37  is  a  plan  of  the  jig.  These  show  clearly  the 
design  and  (Jbnstruction,  and  very  little  description  is  necessary. 


FlO.35. 

The  jig  proper  A  is  of  the  box  type,  and  is  made  with  the  re- 
movable lid  D.  It  is  cast  with  legs  on  three  sides — at  both  ends, 
at  B  B,  and  at  the  bottom,  at  0  C.  All  sides  are  first  machined 
square.  On  the  inside  of  the  jig,  ot  E  E  E  E,  are  raised  spots 
for  the  work  to  rest  on.  This  allows  of  quickly  finishing  the 
inside,  by  merely  milling  the  face  of  the  spots  to  the  height  de- 
sired. The  locating-points  for  the  work  are  four;  the  two  ad- 
justable locating-screws*flr//,  which  anj  equipped  with  jam-nuts 
II,  and  the  points  at  S  S.  The  adjustable  screws  should  always 
be  used  when  castings  of  the  kind  shown  are  to  Ih3  drilled,  as 
any  variation  in  the  different  lots  of  castings  may  be  quickly  ac- 
commodated by  adjusting  the  screws.     For  locking  and  fasten- 
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iiig  the  work  against  the  locating- points,  and  within  the  jig,  two 
aet-screwB,  A'  and  M  respectively,  and  the  eccentric  clamping- 
lever  J  are  used.    The  set-screw  M  holds  the  casting  squarely  on 


/Jid 

,..A..   1 

the  raised  spots  in  the  jig,  and  that  of  K  forces  it  against  tlie 
points  at  S  S,  while  by  giving  the  lover ./  a  sharp  turn  it  forces 
the  easting  against  the  screws  H  Jl  and  locks  it  in  position,  there- 
by holding  the  work  eecnrely  without  danger  of  loosening  white 
benig  dnlled  The  eccentric  clamping-lever  is  rapid  in  both 
fi'-tening  and  rtk  ising  Iho  work.  The  lid  J)  is  locitetl  on  the 
Jig  h\  nie.ins  of  the  dowel-pins  G  G,  as  shown  in  Fig.  3S,  and 
f  Ustened  M'cni-ch  b\  the  swinging  clamps  L  L. 

In  thi-i  Jig  till,  holes  for  the  bushings  at  either  end,  for  drilling 
the  holts  ni<iik(d  G  and  1" respectively  In  the  work  Fig.  ■'J5.  are 
diilUd  in  the  nnllmg-muchine  in  the  same  manner  used  for  the 
other  jigs.  But  for  the  shaft-holes  A  li  C  and  D.  after  the  but- 
tons ai«  uccunitely  located,  the  lid  D,  Fig.  37,  is  stmppeil  on  the 
lathe  face-plate,  and  each  "button"  positively  located  with  an 
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iudicator,  and  the  holes  bore<l  and  reamed  to  the  finish  size  for 
the  bushings  P  P  P  P  and  R  R  respectively. 

When  nsiug  the  jig  the  lid  D  is  removed  and  the  casting  in- 
serted within  the  jig,  as  shown  as  Q,  Fig.  36.  The  lid  I>  is  then 
replaced,  locating  on  the  dowel-pins  G  G,  and  the  swinging 
clamps  XX  are  tightened.  The  set-screw  2il  is  also  lightened  and 
the  eccentric  lever  J"  given  a  sharp  tnni  to  locate  the  casting 
tightly  in  position.  The  holes  at  either  end  are  drilled  by  i-est- 
ing  the  jig  on  the  legs  B  B.  The  casting  is  then  rested  on  the 
legs  C  C,  and  the  six  holes  in  the  side  are  drilled.  The  removal 
of  the  finished  work  may  he  quickly  accomplished  by  loosening 
the  set-screws  £"  and  3/*  and  the  lever  J,  and  then  removing  the 
lidl>. 

The  three  jigs  shown  and  described  in  the  foregoing  will 
serve  as  practical  illustrations  of  three  separate  and  distinct 
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types  of  jigs,  and  show  how,  by  the  use  of  simple  and  inexpen- 
sive tools,  uniform  and  satisfactorj'  resnlts  maj'  l>e  ohtiiined  at 
the  minimum  of  cost  and  to  the  maximnm  of  prodnction  in  tlie 
machining  of  parts  in  which,  as  slated  before,  a  limit  of  error  is 
allowed. 
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JIGS  FOE  A  BEAEIXG-BEACK:ET  and  BEAEmO. 

Fig.  38  shows  a  casting  of  alaminum,  used  as  the  upper  bear- 
ing bracket  of  an  electric  cloth-cutting  machine.  After  the  hole 
in  the  centre  had  been  bored  and  reamed  to  fit  the  bearing,  Fig. 
40,  at  Ky  it  was  faced  off  on  the  front  and  back.  The  holes  in 
the  wings  were  to  be  all  interchangeable  with  those  in  the  motor- 
case  of  the  machine.  The  four  holes  around  the  centre  were  also 
to  be  interchangeable  with  those  in  the  bearing,  Fig.  39.  All 
these  holes  were  drilled  in  the  jig  Fig.  40.  This  was  made  in 
two  parts,  the  base  A  and  the  lid  B.  For  these  patterns  and 
castings  were  made.  There  were  four  bosses  in  the  bottom  for 
the  work  to  rest  on  while  drilling.  After  the  base  A  had  been 
faced  off  on  the  back,  it  was  strapped  in  the  miller  and  a  cut 
taken  over  the  bosses  and  also  over  the  ends  on  which  the  lid 
rested.  A  hole  was  then  drilled  in  the  centre  of  the  base,  into 
which  a  plug,  E^  of  tool  steel,  turned  to  fit  the  centre  hole  in  the 
work  (Fig.  39),  was  driven.  The  work  was  then  placed  on  it  and 
the  stop-pin  G  let  in.  The  set-screw  B  having  been  made,  a  hole 
was  drilled  and  tapped  and  the  screw  let  in. 

The  lid  B,  of  cast-iron,  after  being  planed  on  both  sides  was 
strapped  to  the  top  of  A,  and  holes  were  drilled  for  the  two 
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dowel-pins  G  C,  which  were  then  let  through  into  A,  and  the 
holes  in  B  eased  up  so  that  the  lid  would  set  in  nicely.  A  and 
B  were  then  clamped  together  and  a  slot  milled  through  each  end 
for  the  locking-posts  /  L  The  posts  were  made  apd  finished  and 
hinged  in  A  by  pins  J  J.  Thumb-nuts  were  got  out  and  tapped 
to  screw  on  to  the  posts  freely.     The  posts  were  then  swung  over 
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and  the  tfaumb-nnts  tightened,  thereby  clamping  the  lid  and  base 
together.  The  jig  was  then  stood  up  on  the  side  J>,  which  had 
been  squared  with  the  back,  aud  the  eeutre  of  the  Btnd  E  was 
found  oil  the  lid  B  with  a  height-gauge,  the  holes  for  the  bash- 
ings were  laid  out]  centred,  drilled,  and  reanied,  and  the  bush- 


ings made,  hardened,  ground,  and  d^i^-en  in.  The  jig  was  then 
complete,  and  lid  was  removed,  and  the  work  (Fig.  38),  was  in- 
serted, centcing  itself  on  the  stud  E.  The  set-screw  It  was 
tightened  until  the  work  was  forced  up  against  the  stop-pin  G, 
the  lid  B  was  replaced,  the  dowel-piua  C  C  locating  it,  the  lock- 
posts  were  swung  up,  the  nuts  tightened,  and  all  the  holes 
drilled,  which  completed  the  operation.  As  will  be  seen,  there 
is  just  enough  space  between  the  bottom  of  the  lid  and  the  work 
for  clearance,  which  was  all  that  was  neccssiiry.  The  centre 
holes  in  the  castings  being  reameil  to  the  size  and  as  nearly  as 
possible  in  the  centre,  thereby  Utting  the  stnd  E,  and  the  cast- 
ings being  of  uniform  size,  they  were  ciisy  to  lumdlc.  The  stop- 
pin  G  and  the  screw  R  were  sufficient  for  all  reciuirenients  of 
location.  Clearance-holes  were  drilled  in  the  bosses  on  wliich 
the  work  rested,  to  allow  au  easy  escape  for  the  drillings. 

Fig.  11  shows  the  jig  used  for  drilling  the  four  holes  in  the 
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bearing,  Fig.  39.  As  stated  before,  they  had  to  match  those  to 
the  bracket.  Fig.  38.  The  bearing  itself  was  of  tool  steel,  turned 
and  finished  all  over  to  fit  the  centre  hole  in  Fig.  38.  The  jig 
for  drilling  was  of  the  box  tyi)e,  made  in  two  sections.  L  was 
the  base  or  jig  proper,  of  round  machinery  steel,  a  piece  of  which 
was  chucked  and  turned  on  the  outside  and  a  hole  bored  and 
reamed  to  just  fit  the  work  at  K.  It  was  secured  and  a  thread 
of  a  coarse  pitch  cut,  leaving  only  two  threads.  It  was  then 
faced  off  and  undercut  at  the  bottom,  to  allow  the  work  O  to  set 
in,  as  shown.  The  lid  P  was  turned  and  threaded  to  fit  the 
piece  L  nicely ;  it  was  also  counterbored  to  go  over  the  work 
and  clamp  the  face  when  screwed  down  solid.  The  outer  edge 
was  heavily  knurled  to  give  a  good  grip.     The  work  (Fig.  39), 

was  inserted  into  one  of  the  finished  pieces 
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'™***'''™'''     (Fig.  38),  and  the  four  holes  were  transferred 

through  it,  when  it  was  removed  and  inserted 
in  the  jig  L  and  used  as  a  templet,  and  the 
holes  drilled  through  it  and  through  the  bot- 
tom of  the  jig  L,  The  top  P  was  then  sci'ewed  on  and  the  holes 
transferred  to  it.  Then  they  were  enlarged  for  the  bushings, 
which  were  made  and  driven  in.  This  finished  the  jig.  The 
work  being  inserted,  the  cap  was  screwed  down  and  the  holes 
were  drilled. 


TWO  SIMPLE  DRILLIXG-JIGS   AND   THEIR   USE. 

In  Figs.  42  and  43  respectively  are  shown  two  examples  of 
the  duplication  of  work  by  drilling  by  the  use  of  jigs  of  the  sim- 
plest possible  construction.  The  work  for  the  drilling  of  which 
these  jigs  were  used  is  also  shown,  both  jigs  being  used  on  the 
same  piece  of  work.  Although  no  great  degree  of  accuracy  is 
required  in  the  location  and  size  of  the  holes  drilled,  the  use  of 
the  jigs  saves  considerable  time  and  insures  the  desired  degree  of 
interchangeability  in  the  work. 

The  points  drilled  in  the  work  by  the  use  of  the  jig  shown  in 
Fig.  42  are  four  holes  at  I)  I)  I)  I),  within  A  A ;  and,  by  the  jig 
show  n  in  Fig.  43,  a  hole  through  each  of  the  legs  B  B.  The 
construction  and  use  of  these  two  jigs  can  be  clearly  understood 
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from  the  illustrations,  as  well  as  the  mauuer  of  locating  and  fast- 
ening them  to  the  work.  As  shown,  the  usual  conditions  are 
reversed,  the  jigs  being  located  and  fastened  on  the  work  instead 
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of  the  opposite,  which  is  usually  the  case.  The  jig  shown  in 
Fig.  42  consists  of  seven  parts.  The  bushing  and  locating-plate 
C  is  of  machine  steel  finished  on  the  ends  so  as  to  fit  easily  into 
the  portion  of  the  work  between  A  A,  The  four  holes  for  the 
drill -bushings  are  located  and  bored  and  reamed  to  size,  and  the 
four  hardened  bushings  forced  in.  A  hole  is  then  drilled  and 
tapped  in  the  centre  of  the  side  C  to  admit  the  stud  E.     This 
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stud  has  about  one  inch  of  thread  on  the  outer  end  for  the  fast- 
ening nut  F,  which  is  finished  to  the  shape  shown  and  the  outside 

heavily  knurled.     When  drilling,  the  casting,  or  work,  is  stood 
5 
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up  on  the  drill-press  table  and  the  jig  located  between  the  points 
A  Ay  as  shown,  and  the  nut  F  tightened  against  the  opposite 
side.  The  four  holes  are  then  drilled  through  the  drill-bushings 
and  the  jig  removed  by  simply  loosening  the  nut  F. 

The  second  jig,  shown  in  position  on  the  work  and  in  a  side 
view  in  Fig.  43,  is  of  such  simple  construction  that  it  can  be  un- 
derstood from  the  illustrations.  The  three  pins  /  /  /and  J  J  J 
respectively,  at  either  end  of  the  bushing-plate  6r,  locate  the  jig 
on  the  legs  B  B  of  the  work,  and  the  two  holes  are  drilled 
through  the  bushings  H  H. 
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TWO  DEILLING-JIGS  FOE  THE  SPEED-LATHE. 


In  Figs.  44,  45,  and  46  are  shown  views  of  two  drill-jigs  of 
rather  novel  character,  suggestive  of  ways  of  drilling  a  large 
variety  of  different  shaped  pieces.  Fig.  44  is  used  for  drilling 
the  hole  a  in  the  brass  piece  A  (Fig.  45)  used  for  a  basin  plug, 
a  rubber  washer  being  afterward  fastened  around  the  neck,  the 
a  hole  being  for  the  chain  ring. 

For  this  jig  a  piece  of  1-inch  round  machine  steel  was  turned 
with  a  taper-shank  to  fit  the  tail-spindle  of  the  speed-lathe, 
and  a  hole  was  drilled  through  the  body  at  E.  The  piece  was 
then  held  in  a  two-jawed  chuck,  and  this  hole  was  enlarged  and 
bored  to  the  shape  shown,  so  that  the  piece  A  would  just  fit  it. 
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The  jig  was  then  put  in  its, place  in  the  tail-spindle  and  the 
drill-hole  G  was  drilled.  The  swinging  yoke  JJ  was  got  out  by 
forging  a  piece  of  steel,  machining  it  to  the  shape  shown,  and 
fastening  by  pins  I  to  two  flat  sides  milled  on  the  body  of  the 
jig ;  a  knurled  head-screw  J  secured  the  work.     A  portion  of  the 
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face  of  the  jig  was  milled  away  at  K  for  clearance  for  the  yoke 
Hf  to  allow  it  to  swing  off  and  on  freely. 

When  in  use  the  jig  was  set  in  the  tail-spindle  and  the  drill 
was  held  by  a  small  chuck  in  the  live  spindle.  The  yoke  S  was 
swung  downward  and  the  work  to  be  drilled  was  placed  in  the 
jig  at  F,  as  shown.     The  yoke  was  then  swung  up  and  the  fast- 
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ening  screw  J  tightened.  The  tail -stock  was  then  run  out,  and 
the  drill  entering  the  hole  (r,  the  hole  a  was  drilled.  The  hole 
E  through  the  body  of  the  jig  allowed  an  easy  escape  for  the 
dirt  and  chips. 

In  Fig.  46  we  have  another  adaptation  of  this  style  of  drill- 
jig,  although  the  construction  is  somewhat  different.  It  is  used 
for  drilling  the  hole  B  B  in  the  screw-plug  C.  These  plugs 
were  brass  castings  and  were  finished  all  over  to  the  shape 
shown  in  section.  The  jig  for  the  holes  B  B  consisted  of  a 
piece  of  IJ-ineh  round  machine  steel  turned  with  a  taper- 
shank  to  fit  the  tail  stock  the  same  iis  the  other.  It  was  then 
put  into  the  live  spindle  and  a  hole  P  drilled  to  E  by  using  an 
extra  long  drill  of  the  diameter  required.  The  front  of  the  hole 
P  was  nicely  rounded  with  a  hand  tool  to  allow  an  ejisy  entrance 
for  the  drill  when  the  jig  was  in  use.  The  jig  was  transferred  to 
the  milling-machine  and  a  section  was  milled  away  at  J/ 3/ to  the 
depth  shown,  so  that  the  centre  of  the  fiange  of  the  work  C,  when 
in  position,  would  be  in  line  with  the  drill-hole  P.  A  machine- 
steel  disk  ^y  was  finished  in  diameter  to  fit  the  hole  in  the  work 
C  A  hole  was  let  through  the  centre  of  this  disk,  and  it  was 
fastened  by  the  screw  0  on  the  flat  milled  suiface  of  the  jig,  cen- 
tral and  in  line  with  the  drill-hole  P.  The  spring  pin  Q  was 
made  with  a  spiral  spring  R  at  the  back  {uul  a  handle  at  S,  a 
clearance-channel  T  being  cut  iu,  thus  allowing  the  pin  Q  to  be 
pulled  back  and  the  work  I'eleased.     When  in  use  the  work  C 
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was  located  on  Uie  jig  by  the  disk  N.  The  taii-spiudle  was  ran 
out  aiid  the  first  hole  B  in  the  flauge  was  drilled  to  the  depth 
reqnired.  The  work  was  then  turned  arouud  the  disk  JV  until 
the  hole  drilled  In  the  flange  was  opposite  the  locatiug-pin  Q, 
which  snapped  into  it  by  the  tension  of  the  spring  B.  The  sec- 
ond hole  in  the  flange  was  then  drilled. 

The  two  jigs  here  shown  for  nse  in  the  speed-lathe  are  about 
the  least  expensive  that  could  be  devised  for  the  drilling  of  the 
work  shown,  and-  it  was   surprising  the  amount  of  work  that 


cotdd  be  turned  out  with  them.  Jigs  of  this  design  and  con- 
struction are  ^eij  popular  in  the  biass  shops,  where  the  speed- 
lathe  is  often  adopted  foi  work  that  is  ordinarily  done  in  drill- 
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The  work  to  be  drilled  was  a  solid  casting  of  composition,  of 
the  shape  shown  in  Fig.  47,  which  had  Iieeu  dropped  in  a  form- 
ing-die under  the  drop-hammer  and  then  run  through  a  trimming- 
die  to  have  each  of  the  same  shape  and  size.  After  the  hole  £, 
Fig,  47,  had  been  drilled  and  tapped  in  the  monitor,  the  piece 
was  ready  for  the  jig.  This  is  shown  from  the  side  and  front  in 
Figs.  48  and  49.     0  N  P  and  Q,  Fig.  47,  are  the  holes  to  be 
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drilled  in  the  burner.     0  and  N  were  drilled  to  No.  17,  and  P 
and  Q  to  No.  40  drill-gauge  size.     The  small  holes  were  after- 


no.  47. 


Fig.  4j<. 


ward  soldered  at  the  top,  thereby  leaving  two  clear  passages  for 
the  gas. 

The  jig  itself  was  a  casting,  flat  at  the  bjick,  with  three  pro- 
jections— one  at  the  top  to  hold  the  bushings,  and  two,  L  and  J/, 
at  the  base ;  also  the  two  lugs  L  L,  In  the  first  place,  a  piece  of 
^-inch   thick  flat  machine  steel  was  planed  square  to  fit  the 


Fid.  49. 


inside  of  the  burner  and  act  as  a  gauge-plate  to  locate  and 
hold  it.  It  was  then  fastened  with  the  central  screw  and  the 
two  dowel-pins  F  P,  which  were  two  Stub  steel  pins  filed  on  the 
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inside  of  each  bo  that  the  burner  would  drop  freely,  but  without 
play,  between  them.  Next  a  taper  hole  was  drilled  through  the 
two  lugs  E  E  and  the  lock-pin  D  fitted  iu,  with  the  side  bearing 
on  the  work  flat.  The  work  B  was  then  put  in  place  and  the 
lock-pin  D  driven  in,  thereby  holding  the  work  fa^t  and  snug. 
The  bushings  H  I  J  and  K  were  then  made,  hardened,  and 
lapped  to  size.  The  holes  fur  the  bushings  were  then  laid  out, 
drilled  and  reamed  to  size,  and  the  bushings  dri\'en  in.  The 
drilling  was  done  in  a  two-spindle  drill.  First,  the  jig  was  stood 
up  on  the  base  M  and  the  holes  0  and  P  drilled,  then  on  the  base 
Xand  the  holes  iV and  Q  drilled;  then,  taking  out  the  lock-pin 
D,  the  work  was  easily  removed.  The  jig  worked  very  satisfac- 
torily, each  boy  drilling  from  250  to  1,050  a  day.  The  casting 
was  sunk  iu  at  G  to  give  clearance  to  the  work  at  B. 

DBILLING-JIGS   FOE  ODD-SHAPED   CASTINGS. 
The  two  jigs  shown  in  two  views  each,  in  Pigs.  50,  51,  and 
62  respectively,  were  used  for  the  rapid  drilling  of  the  holes  in 
the  castings  Figs.  53  and  54,  and,  as  they  proved  rapid  and  accu- 


rate producers,  the  design  and  construction  of  them  may  prove  of 
interest  to  those  ha^'ing  a  number  of  holes  to  drill  iu  odd-shaped 
castings. 

The  first  jig,  Fig.  50,  for  drilling  the  casting  Fig.  53,  is  a 
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very  simple  and  inexpensive  tyjw,  so  constructed  as  to  allow  of 
the  rapid  locating  and  fastening  of  the  work  and  the  removal  of 
the  same  when  finished.  The  casting  as  drilled  is  shown  in  two 
views  in  Fig.  53,  and  has  two  holes  A  B  drilled  in  each  of  the 
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eight  arms.  Before  being  drilled  the  eastings  are  chucked  iu  the 
turret-lathe,  and  the  centre  hole  C  is  bored  and  reamed  to  size, 
and  the  hubs  are  faced. 

The  jig  Fig,  50  consists  of  two  castings,  of  which  J  is  the 
body  casting  and  T  the  lid.  There  were  openings  at  all  sides 
for  the  escape  of  tlie  dirt  and  drillings.  The  legs  L  on  four  Bides 
and  those  at  M M on  back  are  finished  and  scraped,  so  as  to  be 
dead  square  with  each  other,  llie  face  of  the  body  casting  is 
also  squared  with  the  sides,  so  that  the  lid  will  rest  squarely  on 
it.  Two  dowel-pins  [7  [7  locate  the  lid,  and  the  thumb-nuts  V 
1'are  for  fastening  it.  A  stud  of  tool  steel,  which  is  threaded  at 
both  ends  and  its  largest  diameter  finished  to  tit  snugly  the  cen- 
tre hole  C,  is  let  into  the  bottom  of  the  body  cjisliug,  as  shown  at 
0,  and  held  rigidly  in  position  by  a  nut  1'  at  the  back.  A  large 
hole  is  bored  in  the  centre  of  the  lid,  so  its  to  clear  the  nut  Q. 
The  sideway  locating-point  is  at  R.  It  consists  of  a  Stub  steel 
pin,  which  is  hardened  and  driven  into  the  body  of  the  jig.  The 
set'Bcrew  S  is  also  hardened  nnd  let  in  through  the  projecting 
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lug,  and  is  used  for  forcing  the  work  against  the    locating- 
pin  R, 

The  four  bushings  X  are  let  in  as  shown,  and  the  manner  of 
locating  and  finishing  the  holes  was  as  follows:  The  body  casting 
was  strapped  to  the  table  of  the  universal  milling-machine,  and 


Fig.  53. 


the  centre  of  each  hole  was  located,  and  the  hole  was  finished  in  * 
turn  by  the  use  of  a  Brown  &  Sharpe  height-gauge  for  locating, 
measuring  from  one  side  of  the  jig  and  from  the  miller- table,  and 
using  a  sharp  end,  mill  for  finishing,  first  drilling  the  hole  with  a 
drill  about  j\-inch  under  size. 

The  four  holes  for  the  bushing  IF  were  located  by  the  *' but- 
ton method,"  tus  described  in  Chapter  III.  After  being  located, 
the  four  holes  were  drilled  and  finished  to  size  by  strapping  the 
lid  on  the  lathe  face-plate  and  locating  each  button  to  run  true 
by  the  use  of  an  indicator. 

When  using  the  jig,  the  lid  T  was  removed  by  unscrewing  the 
thumb-nuts  F,  and  the  casting  to  be  drilled  was  located  on  the 
centering-stud  O,  the  faced  hub  of  the  work  resting  squarely  on 
the  finished  boss  N.  One  of  the  angular-faced  projections  of  the 
work  is  then  forced  against  the  locating-pin  R  by  tightening  the 
set-screw  8,  The  nut  Q  is  then  fastened  securely  within  the  jig, 
as  shown  by  the  dotted  lines  in  the  plan  view  of  the  jig.  The 
holes  B  in  the  projections  are  then  drilled  through  the  bushings 
X,  that  is,  through  every  other  one  of  the  projections,  by  stand- 
ing the  jig  on  each  of  the  four  pairs  of  legs  L  in  turn.  The  jig 
is  then  rested  on  the  legs  M  and  four  of  the  holes  A  are  drilled 


INTERCHANGEABLE  M ANVF ACT L  RING.  73 

through  the  bushings  W.  The  lid  of  the  jig  is  then  i^emoved, 
and  the  nut  IFand  the  set-screw  S  loosened.  The  work  is  then 
moved  and  located  so  that  the  holes  A  and  B  in  each  of  the  four 
remaining  projections  may  be  drilled.  The  operations  of  locat- 
ing and  fasteniug  the  work  and  then  of  drilling  the  holes  are 
repeated. 

As  can  easily  be  seen,  the  design  and  construction  of  this  jig 
is  of  the  simplest  possible  character  consistent  with  accui*ate  and 
rapid  production.  Although  it  is  necessiiiy  to  locate  the  casting 
twice,  the  time  entailed  amounts  to  verj^  little,  and  is  fully  com- 
pensated for  when  the  simplicity  and  cheapness  of  the  jig  are 
considered,  as  in  order  to  drill  all  the  holes  in  one  operation  a 
far  more  complicated  jig  would  have  been  necessaiy. 

In  Pigs.  51-52  are  shown  views  of  a  jig  of  a  rather  moi-e  elabo- 
ate  and  complicated  design  than  the  first.  It  is  used  for  drilling 
the  holes  in  the  casting  Fig.  53,  and  finishing  the  hubs — that  is, 
the  three  holes  G  and  the  hole  through  each  of  the  lugs  F,  the  hole 
through  the  hubs  at  I  and  the  finishing  of  the  hub  at  H.  As 
shown  in  the  two  views  of  the  jig,  the  work  is  located  at  three 
points  at  each  of  the  finished  projections  or  lugs  J,  locating 
within  the  parts  D,  which  are  drilled  to  size  in  a  preceding  oper- 
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ation.  The  work  is  located  side  wise  against  the  two  adjustable 
stops  K,  by  tightening  the  two  set-screws  Q  against  the  work. 
The  lid  E  of  the  jig  is  hinged  within  the  body  casting  at  /'  by 
the  pin  G,  Legs  are  cast  on  two  sides  and  on  the  bottom  of  the 
body  casting,  as  shown  at  B  and    C  respect  ivel  v.     The  four 
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bushings  L  are  for  drilling  the  holes  through  the  lugs  J^,  and 
those  at  M,  in  the  lid,  for  drilling  the  three  holes  G.  The  method 
used  for  fastening  the  lid  while  the  work  is  being  drilled  is 
by  means  of  a  swinging-stud  and  a  nut  and  washer  J,  the  stud 
being  hinged  to  swing  free  in  the  body  casting  at  IT,  a  slot  being 
let  in  it  and  in  the  lid  for  that  purpose.  Two  set-screws  P  are 
let  into  the  lid  for  locating  and  fastening  the  work  within  the  jig. 

The  two  large  bushings  0,  for  use  when  finishing  the  hubs,  are 
permanently  located  within  the  lid,  while  those  for  drilling  the 
hole  I  in  the  hubs  are  inserted  within  them  when  in  use.  When 
using  the  jig  the  work  is  located  and  fastened  within  by  the  set- 
screws  Q  and  P,  and  all  the  holes  are  then  drilled.  The  two 
bushings  N  are  then  removed,  and  the  hubs  are  faced  and  re- 
duced to  size.  The  fastening  set-screws  are  then  released,  the 
swinging-stud  I  is  thrown  back,  and  the  lid  raised,  after  which 
the  work  is  removed. 

All  the  various  parts  of  both  these  jigs,  including  the  cast- 
ings, are  made  sufficiently  heavy  and  strong  to  withstand  all 
strain  to  which  they  may  be  subjected  when  in  use.  The  man- 
ner of  locating  the  work  is  such  as  to  be  positive,  and  without  the 
possibility  of  shifting  during  the  operation  of  the  tools.  The 
means  and  points  chosen  for  the  fastening  of  the  work  within  the 
jigs  are  such  as  to  be  rapid  to  manipulate,  and  in  no  way  to  in- 
terfere with  the  drilling;  and,  lastly,  the  design  and  construction 
of  both  jigs  are  such  as  to  dispense  with  all  unnecessary  parts 
and  labor. 

JIG  FOE  DEILLING   ROUGH   CASTINGS  IN  PAIRS. 

Fig.  56  shows  two  views  of  a  drill-jig,  with  work  in  position 
for  drilling  holes  in  the  tops  of  rough  pairs  of  bracket  castings. 
These  castings  were  used  in  large  numbers  and  were  of  the  shape 
shown  in  Fig.  55.  The  three  holes  in  the  body  portion  were 
cored,  and,  as  the  pairs  were  not  machined  at  any  point  before 
drilling,  the  holes  were  used  as  locating-points  in  the  jig.  The 
jig  consists  of  a  body  casting  in  the  shape  of  an  inverted  "T," 
X  being  the  base  and  G  the  upright  which  supports  the  plate  E 
and  the  work.     The  work  is  located  in  pairs  on  either  side  of  the 


INTEBVHANGEABLE  MAXUFAGTUBIXG.  76 

upright  by  the  dowel-piiis  D  D  D,  which  enter  the  cored  holes 
aud  are  held  by  the  clamping  de\ice,  a  croas-8ection  of  which  is 
shown  in  Fig.  ^T.     This  clamp  is  of  tool  steel,  with  winpt  at  / 
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and  J  to  awing  over  and  clamp  the  work,  the  centre  jwrtioii  L 
being  turned  to  fit  the  semi-circular  bottom  of  Itie  slot  in  the 
upright  G.  A  plate /f  is  let  into  and  fastened  to  the  front  of  the 
upright  G  by  the  two  screws  X  y.  This  plate  has  a  stud  M  fast- 
ened in  the  centre  of  it,  in  line  with  the  cii-cnlar  portiou  L  of  the 
BwlTel-elamp.  The  face  of  the  stud  is  finislied  to  the  same 
radius  as  the  portion  L  and  is  of  a  length  sufficieut  to  allow  of  the 
face  acting  as  a  back  bearing  for  the  swivel-clamp  to  swing  ou. 


This  construction  allowed  of  making  tlie  clamp  in  one  piece,  and 
gave  better  resnlts  than  if  one  of  the  winjs*  had  been  made  sepa- 
rate.    About  ^,  clearance  was  given  lengthwise  to  the  ciiTu- 
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lar  portion  L  for  rapid  fastening  and  releasing  when  in  oper- 
ation. The  plate  E  serves  as  bushing-plate  and  bushings 
as  well.  It  is  of  tool  steel,  with  three  holes  at  each  side  as 
guides  when  drilling  the  holes  AAA.  The  holes  C  C  Care 
countersunk  to  allow  a  ready  entrance  for  the  drill.  The  plate 
is  hardened  and  drawn  slightly,  after  which  it  is  ground  on  both 

sides  and  the  holes  lapped.  The  plate  is 
located  on  the  body  casting  by  two  flat- 
head  screws  J^  and  two  dowel-pins  not 
shown. 

When  the  jig  is  in  use  the  clamping  de- 
vice is  swung  out  of  the  way  and  a  pair  of 
^^"•^'*  castings  are  located  on  the  jig,  dowel-pins 

D  1)  i)  being  made  an  easy  fit  in  the  cored  holes.  The  swivel- 
clamp  is  then  swung  back  and  the  screw  K  is  tightened  against 
the  castings,  thus  fastening  the  work  against  the  sides  of  the 
upright  G.  The  six  holes  are  then  drilled.  This  jig  allows  of  the 
drilling  being  accomplished  to  the  requited  degree  of  accuracy 
and  interchangeability  and  in  a  very  rapid  manner.  The  swivel- 
clamp,  for  fastening  the  casting  against  the  rib  sides,  can  be 
adopted  to  advantage  for  locating  and  fastening  work  of  a  vari- 
ety of  different  shapes,  whether  the  parts  are  sent  to  the  jig 
rough  or  are  first  machined  at  different  points. 

JIG   FOK   DRILLING   AND   COUKTERSINKING. 

The  jig  shown  in  Figs.  59-GO  was  used  for  drilling  and  counter- 
sinking the  holes  D  in  the  casting  Fig.  58.  The  castings  befoi^e 
being  drilled  are  bored  at  A  to  a  diameter  of  1:^  inches,  and 
the  hub  is  faced  at  h  h.  The  hole  !>  is  required  to  be  central 
with  the  rib  C,  The  parts  comprised  in  the  jig  are:  the  body 
easting,  with  the  circular  portion  at  E,  a  base  at  P,  and  two 
feet  at  B  R ;  the  bushing  i?  G  and  the  locating  and  fastening 
device  J  I  L  K  and  N.  The  portion  E  is  bored  at  the  front 
slightly  larger  than  the  hub  of  the  work,  and  is  faced  at  the  back 
for  the  nut  JV.  The  bushing  G  is  hardened  and  ground  and 
forced  into  the  top.  It  is  lapped  to  fit  a  combination  drill  and 
countersink.     The   locating  and  fastening  device  consists  of  a 
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machine- steel  stud  with  the  nut  JV,  and  is  turned  at  K  to  fit  a 
reamed  hole  at  E,  and  at  F  to  fit  the  bored  hole  ia  the  casting. 


A  hair-ronnd  groove  is  let  in  at  7/  as  clearance  for  the  drill  A 
lai^  head  at<7and  a  washer  Tvith  a  sectiou  ctit  out  at  J/Jf 
complete  it.  The  work  is  located  on  the  jig,  so  that  the  liole 
vben  drilled  will  bo  central  with  the  rib  C  by  enttring  Ihe  rib 


into  the  slot  at  0.     A  slot  is  let  in  at  Q  in  the  biise  as  clearance 
for  the  end  of  the  work. 

^Vhen  in  nae  the  washer  J  im  slipped  off  the  local ing-sind  and 
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a  casting  is  located.  The  washer  is  then  slipped  over  the  neck 
of  the  stud  and  the  nut  N  tightened.  The  hole  D  in  the  work  is 
next  drilled  and  countersunk.  To  remove  the  work  all  that  is 
required  is  to  loosen  the  nut  N  and  slip  off  the  washer. 

A  JIG  FOE  DEILLmG  CAMS. 

The  cams  to  be  drilled,  Fig.  61,  were  of  brass,  -j^-inch 
thick,  cut  from  a  bar  of  1-inch  round  stock,  the  cutting  off 
being  done  in  the  monitor.  They  were  to  be  drilled  eccen- 
trically, as  shown,  with  a  |^-inch  drill.  Of  course,  to  drill  a 
hole  of  this  size  in  pieces  so  small  and  have  all  approximately 
alike  necessitated  a  jig  that  would  hold  them  correctly  and 
securely.  The  jig  is  shown  in  Fig.  62,  with  a  top  and  an  end 
view,  the  top  view  with  the  plate  for  holding  the  bushing  off. 
Fig.  63  shows  plate  and  bushing. 

A  casting  was  used  for  the  jig  proper,  with  two  wings  as 
shown,  so  that  it  could  be  set  true  and  strapped  on  the  drill-table. 
The  bushing-plate  was  planed  on  the  top  and  bottom  and  fastened 
with  four  flat-head  screws  J  and  two  dowel-pins  K.  A  bushing 
Ly  of  tool -steel,  with  an  |^-inch  hole,  was  then  made,  hard- 
ened, ground,  and  lapped.  The  casting,  with  the  plate  in  posi- 
tion, wiis  then  set  on  the  face-plate  of  the  lathe,  and  a  hole  \^' 
inch  in  diameter  bored  straight  through  at  E,     The  hole  in  the 

plate  was  then  bored  out  so  that  the 

biLshing  would  just  drive  in.     The  plate 

was  then  removed  without  disturbing 

^  V        y     ^^®  casting,  and  a  piece  of  turned  steel 

44 -inch  in  diameter,  with  a  prickpunch 

Fig.  61.  ^  f         if 

mark  exactly  ^-inch  from  the  centre, 
driven  into  the  hole  E  in  the  castiug  tight  enough  to  keep  it 
from  turning.  The  casting  was  then  moved  side  wise  on  the 
face-plate  until  the  prickpunch  ran  true.  The  piece  of  steel 
was  then  removed  and  the  hole  E  rebored  to  1  inch  in  diam- 
eter and  ^j-inch  full,  deep;  that  is,  so  that  the  work.  Fig. 
61,  would  enter  freely.  The  casting  was  then  removed  from 
the  lathe  and  a  slot  planed  in  the  way  shown  at  N,  Fig.  62; 
that  is,   1^  inches  wide  at  the  front  and  running   into  the 
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hoI«  B  as  BhowD.  A  piece  of  Bteel,  C,  -^-iiicli  thick,  worked 
ont  in  tlie  way  shown  to  keep  the  work  from  being  braised, 
was  then  made.  A  ^-inch  taper  hole  was  drilled  in  A  to 
admit  the  lock-pin  D,  which  was  of  Stub  steel,  with  one  flat 


side  facing  the  work.  The  lock-pin  and  the  piece  C  were  both 
hardened.  O  is  a  bracket  of  shi-et  stwl  cut  out  and  bent  in 
the  way  shown  and  held  by  screws  1 1;  F  is  the  kuock-out  pin, 
if  the  spiral  spring,  and  this  coniplete<l  the  jig.  The  plate,  Fig. 
63,  was  screwed  on  and  the  jig  strapped  to  the  drill-tablo.  The 
work.  Fig.  61,  was  dropped  in  place,  also  the  piece  0,  and  Ihe 
lock-pin  D  was  given  a  tap,  which  held  the  work  fast.  Tlie  hole 
was  drilled,  the  lock -pin  removed,  and  the  knock-out  hit  sharply 
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with  a  hammer,  causing  the  work  aud  piece  E  to  come  out 
without  any  trouble,  the  spring  M  bringing  the  knock-out  back 
in  position. 

One  thing  necessary  was  to  have  the  hole  -E  in  the  casting  and 
the  hole  in  the  bushing  exactly  the  same  size  as  the  drill ;  also 

the  drill  ground  central,  thereby  leav- 
ing only  a  very  slight  burr,  as,  had  it 
been  otherwise,  it  would  have  caused 
trouble  in  removing  the  work. 

The  jigs  illustrated  and  described 
in  this  chapter  should  prove  suggestive 
for  the  devising  of  means  for  the  rapid 
and  accurate  production  of  different 
shaped  repetition  parts  w^ich  are  to  be 
drilled.  One  thing  which  should  al- 
ways be  kept  in  mind  when  designing 
or  constructing  fixtures  for  interchange- 
able production  is  this:  the  fixtures  used  for  rough  or  simple 
shaped  castings  should,  if  anything,  produce  quicker  and  cheaper 
than  those  for  machined  or  perfectly  interchangeable  ones,  be- 
cause castings  of  the  first  type  are,  as  a  rule,  sold  at  such  a 
low  cost  that  unless  they  are  produced  very  rapidly  no  profit  is 
possible. 


FlQ.  63. 


CHAPTER  V. 

Intricate  and  FositiTe  BrilUng-Jigs. 

As  we  are  now  aboat  to  take  np  descriptious  of  a  claas  of 
drilling-jigs  in  which  the  utmost  accaracy  and  interchaugeability 
in  the  product  are  eesential,  I  wish  to  impress  npon  the  miiid  of 
the  reculer  the  neceSBlty  of  making  himself  familiar  with  the  fuD- 
damental  principles  aiid  the  most  accurate  aud  practicable  means 
for  accomplishing  accurate  results  iu  the  fiDisbiug  of  the  various 
parts  of  such  jigs.  For  this  reason  I  call  his  attention  again  to 
Chapter  III.,  in  which  is  contained  all  that  will  help  the  mechanic 
to  devise  and  construct  accurate  drilling-jigs  sncceesfully. 

JIG  FOR  DRILLING  A   MULTIPLE-^AM  BODY. 

.  In  Fig.  64  is  shown  a  casting  with  two  circles  of  holes  drilled 
iu  face  at  A  and  B  in  the  relative  positions  shown  in  the  pro- 
jecting lags.  As  this  casting,  when  finished,  formed  a  part  of 
an  attachment  for  an  embroidery  sewing-machine,  and  acted  as  a 
multiple  cam,  the  accuracy  of  the 
holes  had  to  be  positive.  The  jig  yf^Z  /^^*N, 
used  for  drilling  them  is  shown     /  '■^^^  \ 

in  two  views  in  Figs.  65  aud  66,     /,..<=^  •'^'■.^ 
and  as  the  design  and  construe-     Wi^ \  C    )  '■  (rZ^ 
tion  are  clearly  shown,  very  little     \       (ri\'"'''    — 
description  is  necessary.    We  will      \,     _  I     ^^  / 
confine  ourselves,  therefore,  to  the         ^^<1      J^ 
accurate  locating  and  drilliug  of  J^„_  ^_ 

the  work.     D,   Fig.   65,   is  the 

body  casting,  finished  on  all  sides,  as  shown,  the  lid  L  being 
hinged  on  one  end,  at  M.  It  is  then  swung  on  the  lathe  face- 
plate and  a  hole  is  bored  through  both,  at  Q  and  E  respec- 
tively.    The  hole  £  is  to  admit  the  index! ng-plate  stem  G,  and 
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the  hole  in  the  lid  is  for  clearance  for  tbe  clamping-stud  77  and 
also  as  a  general  point  for  finishing  tbe  bushing-boles.  Tbe  in- 
dex-plate is  a  forging;  tbe  plate  J* is  of  tool  steel,  and  the  steins 
H  and  G  of  mild  steel.  The  stem  H  is  finished  to  fit  snugly  tbe 
centre  hole  in  the  casting  Fig.  64,  and  is  tapped  for  the  clamp- 
ing-stud U.  The  stem  G  fits  the  hole  in  the  base  at  E,  and  is 
shouldered  and  threaded  for  tbe  washer  /and  nut  J.  The  plate 
proper  J^  is  indexed  to  six  and  is  hardened ;  then  it  is  ground  and 
the  notches  lapped  to  a  gauge,  so  that  the  divisions  are  spaced  to 
the  utmost  accuracy.  As  a  positive  locator  for  the  work  the  best 
point  is  the  key  way  at  C,  Fig.  64;  but  before  letting  in  the  key 
in  the  stem  S  of  the  index-plate,  Fig.  65,  tbe  bushing-bo]es  in 
the  lid  L  are  fiuisbed. 

For  this  operation  an  arbor  is  turned  up — one  end  tapering  to 
fit  the  driving-head  of  the  uuiveraal  milliug-niachine,  and  the 
other  a  driving  fit  within  the  hole  Q  in  the  Hd.  The  lid  is  then 
forced  onto  it  and  the  arbor  driven  into  the  head,  which  is  set  on 
the  extension  plate  facing  the  spindle.  A  small  centre  drill  is 
first  used  and  the  table  set  to  allow  of  centring  the  holes  on  the 


proper  radius.  Three  holes,  T,  Fig.  05,  are  now  drilled,  and 
then  finished  to  size  by  butt-mill  with  a  sharp  end  cut.  The 
three  outside  holes  S  are  finished  in  the  Sivme  way,  and  located  iu 
the  proper  relation  to  the  first  circle  by  using  a  standard  plug, 
entering  it  into  one  of  tbe  holes  T  and  then  using  the  verniers 
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to  get  the  exact  distance  from  it  to  the  side  of  the  end-mill. 
When  the  bushings  are  finished  and  driven  into  the  holes,  one  of 
the  castings  is  clamped  into  the  jig,  and  the  index-pin  IT  let  into 
the  base  of  the  jig  ati>i8  let  into  one  of  the  index  notches. 


k^^M^ 


The  casting  is  then  adjusted  until  the  holes  when  drilled  come  in 
the  position  shown  in  Fig.  64.  The  keyway  is  next  located  in 
the  stem  H  and  the  casting  removed.  After  the  key  is  )et  in  the 
jig  is  complete. 

In  using  this  jig  the  work  is  clamped  in  position,  as  shown, 
and  the  boles  drilled  through  the  bushings  8  T  8  T,  which  are 
directly  opposite  one  another.  The  index-plate  is  then  moved 
one  space;  the  first  two  holes  drilled  are  reamed  through  the  two 
extra  bashings  T  and  8,  and  four  more  holes  are  drilled  through 
the  other  bushings,  as  before.  The  principle  of  this  jig  can  be 
used  to  the  best  advantage  for  work  in  which  holes  are  to  be 
drilled  around  an  exact  radius. 


DBILLISG-   AND  HUB-FACING  JIG. 

Figs.  68  and  69  show  two  views  of  jig  for  drilling  the  holes 
FFF and  B and  facing  the  hub  D  of  the  casting,  Fig.  67.  It  is 
very  rapid  in  handling  work,  aa  well  as  accurate  in  production. 
It  can  be  adopted  for  finishing  work  in  which  rapidity  in  drilling 
is  the  object  sought,  as  one  lever  locks  and  iwjsitively  locates  the 
work  in  position.  Before  being  drilled  the  casting,  Fig.  67,  is 
machined  on  the  back  A,  the  sides  C  C,  and  fhe  channel  B,  thus 
allowing  of  positively  locating  it.  The  jig  consists  of  one  cast- 
ing, shown  at  G  G  G,  which  strengthens  it  for  the  locking-cam 
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K.  The  vork  is  located  on  the  two  spots  H Ron  the  bottom, 
and  on  the  sides  on  the  adjustable  screws  J  J,  while  endwise  the 
flat  piece  I  locates  it  by  the  channel.    The  three  bushings  P  P  P 


are  let  in  by  the  "botton"  method  de8cril)ed  in  Chapter  III,  as 
is  also,  the  hole  for  the  facing-bushing  N,  while  the  bushing  for 
tJie  hole  E,  Fig.  67,  is  ground  to  fit  the  inside  of  bushing  S. 

The  clamping-  and  locating -cam  K  M  and  L  is  made  so  that 
the  portion  K  will  press  down  the  work  on  the  spots  H  H  and 
carry  it  against  the  plate  /,-  while  the  portion  L  is  finished  to  a 
slight  pitch  on  the  iuuer  face — as  shown  at  8,  Fig.  70 — which 
forces  it  against  the  screws  J  J.     When  in  use  the  work   is 


If 


damped  within  the  jig,  as  in  Fig.  68,  by  pulling  down  on  the 
lever  JIf  of  the  locking-cam.  The  buabiug  0  is  then  removed 
and  the  hub  D,  Fig.  67,  is  faced.  The  bushing  D  is  next  in- 
serted, and  the  hole  E  and  also  the  three  others  are  drilled 
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throogh  the  bnshiugs  P  P  P.     The  lockiug-cam  is  thrown  back 
and  the  vork  removed  and  another  piece  inserted. 

The  locating  and  fastening  of  work  withiu  jigs  by  the  cam- 


lock  here  described  is  one  of  the  most  i-apid  and  reliable  means 
for  accomplishiug  it,  and  can  be  adopted  for  the  drilling  of  a 


large  unmber  of  different-Bhaped  castings  where  two  or  more 
portions  have  been  machined,  so  as  to  get  the  work  at  the  locat- 
ing-points  to  a  nulform  size. 


AH  EUTBICATE  JIG  FOR  TYPEWRITER  BASES. 

As  a  practical  illastration  of  an  intricate  jig  and  the  locating 
and  finishing  of  a  lat^  nnuiber  of  holes  to  the  luasiiuum  of  ac- 
cnraey,  the  jig  illustrated  in  three  views  in  Figs.  72,  73,  and  74 
will  serve  as  an  example.  It  is  used  foi'  drilling  iill  the  boles — 
to  the  number  of  fifty-six — in  the  casting  Fig.  71.     The  casting 
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when  finished  forms  the  base  of  a  typewriter  and  most  be  abeo- 
Intely  ioterchaageable. 

In  work  of  this  kind  care  should  be  taken  to  have  all  the  cast- 
ings of  uniform  size  and  shape.  To  accomplish  this  the  pattern 
should  be  perfect  and,  in  all  cases  of  metal,  finished  at  all  points 
to  the  size  required — allowing,  of  course,  for  shrinkage  and  sur- 
plus stock  at  all  the  points  to  be  machined.  When  perfect  i>at- 
tems  are  made  there  is  no  doubt  of  the  result  in  the  castings. 
The  easting.  Fig.  71,  is  first  faced  on  all  projecting  lugs  and  sur- 
faces, to  gauge,  on  a  profiling  fixtnre.  The  design  and  construc- 
tion of  the  jig  are  clearly  indicated  in  the  three  views,  and  the 
finishing  of  all  parts  in  any  way  similar  to  those  used  on  the  other 


jigs  is  accomplished  iu  the  same  way.  The  points  of  sufficient 
interest  to  describe  in  detail  are  the  manner  of  locating  the  work, 
the  finishing  of  the  bushing-holes  and  the  clamping  devices. 

The  casting  rests  within  the  jig  on  the  four  legs  A  A  A  A, 
Fig,  71.  It  is  located  endwise  against  the  two  points  ¥  Y,  Fig. 
72  (these  points  being  milled  to  the  radius  of  the  ends  of  the 
casting  which  locates  in  them),  and  sidewise  by  two  adjustable 
set-screws  B  B.  The  clamping  devices  are  all  located  on  the  lid 
JIT  and  consist  of  the  three  knurled  head-screws  AAA,  Fig.  72, 
and  of  the  cam-locks  ZZ.  Tliese  locks,  shown  clearly  in  Pig, 
75,  consist  of  an  eccentric  turned  stud  and  a  square  nut,  both  of 
which  are  hardened  aiid  locate<l  on  the  jig  as  shown.  By  giving 
them  a  half  turn  they  force  the  work  against  the  locatiug-points 
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r  r  and  also  against  the  set-screws  B  B,  and  lock  securely  in 
position.  The  lid  is  located  on  the  body  of  the  jig  by  the  three 
dowel-pins  JT  if  JV,  and  clamped  by  the  two  swinging-clamps  0 


0  and  the  large  knurled  nut  P.  This  manner  of  fastening  con- 
tributes to  the  rapid  locating  and  removal  of  the  lid.  The  legs 
are  on  three  sides  of  the  jig  and  on  the  bottom.     They  are  of 
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tool  steel,  hardened  and  lapped  in  the  way  before  described.  In 
finishing  these  legs  a  number  of  tool-makers  mill  a  square  at  the 
top — rather  an  elaborate  way ;  all  that  is  necessary  is  to  mill  a 
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Blight  flat  on  two  sides,  which  uiiswers  all  the  requiremeDts  aod 
is  far  more  expedieiit, 

The  most  difficult  part  of  the  co  list  met  ion  is  the  finishing  of 


the  bush  inj:;- hoi  PS.     By  reverting  to  Fig.  ''i  it  will  be  s 


■  hat 


there  are  four  sel^  of  holes,  s\%  R  8  T  and  U,  each  aet  on  a 
radius  central  with  the  centre  hole  Q.  The  iirst  hole  is  that  for 
the  bushing  Q,  which  is  finished  on  the  lathe  fa<ie-plate  by  the 
"  button  "  method.  This  hole  is  bored  to  a  size  really  larger  than 
necessaiy,  so  as  to  admit  an  arbor  which  is  located  iu  the  divid- 
ing head  of  the  miller.  This  being  done  with  the  head  facing 
the  spindle,  the  first  set  of  holes  R  are  centi'ed  and  finished  iu 
the  position  shown  by  setting  the  table  and  head  so  that  the  cen- 
tre drill  is  on  the  proper  radius  with  centi'e  hole  Q,  and  then  in- 
dexing for  sixteen,  finishing  six  holes  R  and  skipping 
the  ceutre  one.  The  next  row  S'and  the  rows  Tand 
U  are  finished  in  the  same  way  by  lowering  the  table 
unlil  Ihe  eentre  drill  is  on  the  radius  I'ertuii'ed,  and 
then  indexing  for  twenty-five  and  finishing  eleven 
holes  on  the  arc  as  shown.  The  lid  is  then  removed 
and  the  four  holes  V  V  V  V  located  with  buttons, 
inserting  a  standard  ping  in  the  holes  Q  and  getting 
the  distances  fi-om  it  and  the  side  of  the  jig  with  a 
height-gauge,  finally  finishing  the  holes  in  the  lathe. 
The  boles  W  IP  W  and  J  X,  and  also  those  in  the 
side  of  the  jig  at  £  £  E  £  and  F  F.  all  go  thi'ough  the  siime 
operation.  The  manner  of  locating  and  clamping  the  work 
in  position  and  then  drilling  all  the  boles  is  clearly  shown 
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in  the  three  views  of  the  jig    and  requires  no  further  de- 
scription. 

The  design  and  construction  of  the  three  separate  and  distinct 
types  of  jigs  shown  and  described  in  the  foregoing  comprise  the 
best  principles  for  the  positive  locating,  fastening,  and  rapid 
handling  of  work  of  the  class  shown,  while  the  method  described 
for  finishing  the  bushing-holes  is  the  most  accurate  that  has  yet 
been  devised  for  accomplishing  this  part  of  the  work.  If  fol- 
lowed out  as  defined,  the  results  obtained  will  be  satisfactory 
to  all  concerned. 

TWO  DRILLING-JIGS  FOR  SMALL,  ACCURATE  WORK. 

In  Fig.  77  is  shown  a  drilling-jig  embodying  a  nimiber  of 
practical  ideas.  This  jig  is  for  spacing  oflf  and  centring  holes 
or  punch-seats  in  small  wheels,  which  are  in  turn  used  when  sup- 
plied with  punches  for  perforating  leather  shoe  tips,  and  n^iscel- 
laneous  service  of  that  character.  The  wheel  before  drilling  is 
shown  in  a  cross-section  at  W,  Fig.  76 ;  and  as  finished,  with  all 
holes  drilled  and  counterbored  and  the  punches  inserted,  at  H, 


Fig.  76. 


Figs.  79  and  80,  in  which  is  shown  the  machine  on  which  the 
wheels  are  used.  These  wheels  are  of  cold-rolled  machine  steel 
and  are  finished  all  over  in  the  turret-lathe. 

As  the  holes  or  seats  for  the  perforating  punches  are  usually 
very  small,  it  is  not  i)ossible  to  drill  them  to  the  required  degree 
of  accuracy  in  one  jig;  so  two  jigs  were  used — one  for  spacing, 
locating,  and  countering  the  holes,  and  the  other  for  drilling  and 
counterboring  them.     The  jig  for  spacing  and   centring  the 
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holes  is  shown  in  Fig.  77,  aad  the  jig  for  drilling  and  counter- 
boring  in  Fig.  76. 

The  spacing  and  centring  jig,  Fig.  77,  consists  of  a  flat-bot- 
tomed casting  A  with  two  standards  B  B  which  support  the  in- 
dexing device.  There  is  a  shaft  C  with  a  wide  shoulder  at  the 
front  end  to  rest  against  the  face  of  the  standard,  and  an  end  pro- 
jecting from  this  shonlder  to  fit  the  hole  in  the  wheel  and  threaded 
for  the  nut  F.  A  aniall  pin  in  the  face  of  the  shoulder  locates 
the  wheel  in  iwsitiou  ou  the  spindle.     The  index-plate  Q  has 


three  circles  of  holes,  the  number  of  the  holes  being  designed  for 
handling  i»s  large  a  variety  of  wheels  as  possible.  The  index- 
pin  J  is  located  in  a  swinging  ann  H,  which  swings  on  a  stud 
let  into  a  corner  of  tlic  back  standard  B.  A  flat  spring  K  is 
fasteueil  to  the  arm  with  the  end  resting  in  a  notch  in  the  index- 
piu.  Instead  of  using  busliings  to  gnide  the  drills,  a  piece  of 
-j^j-iiich  Stub  steel  is  used,  it  being  finished  with  a  flat  at  L  with 
three  holes  for  the  drills.  This  end  is  hardened  and  the  oppo- 
site end  M  is  threailed  for  the  adj list iug- nut  0  located  in  the 
fork  of  the  br:ickel  X.  This  ivdjiistmeiit  allows  of  marking  dif- 
ferent cunbimitions  of  holes  in  wheels  of  different  thickneaaee 
by  the  tiso  of  the  one  ilrill  guide. 


INTERCHANGEABLE  MANUFACTURING. 


91 


In  conjauction  with  this  drill- jig  a  small  sensati  ve  drill  is  iised, 
and  as  the  design  and  construction  are  clearly  shown  a  detailed 
description  is  unnecessary'.     The  manner  of  using  the  jig,  Fig. 
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77,  is  as  follows:  A  wheel  D  is  located  on  the  spindle  as  shown, 
a  drill  is  fastened  within  the  chuck  of  the  press,  and  the  table  A 
A  of  the  press  is  set  so  that  it  can  be  raised  just  high  enough  to 
centre  or  spot  the  holes.  The  index-pin  J  is  then  set  for  the  re- 
quired circle  of  holes  by  swinging  and  locating  the  arms  II, 
After  centring  the  first  hole  the  next  is  located  and  centred  by 
pulling  out  the  index-pin  J  with  the  left  hand  and  rotating  index- 
plate  G  with  the  right,  the  outside  of  the  plate  being  knurled  to 
facilitate  it. 

The  jig  for  drilling  and  counterboring  the  wheels  is  shown  in 
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Fig.  76.  It  consists  of  a  casting  Q  with  a  floating  spindle  8  on 
which  the  wheels  are  placed  to  be  drilled.  This  spindle  is  fin- 
ished on  the  front  end  the  same  as  the  one  used  in  the  first  jig. 
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the  work  being  located  and  fastened  upon  it  in  the  same  man- 
ner, the  loeating-pin  Zf  entering  the  hole  V  in  the  wheel  W. 
Two  dowel-pins  are  let  into  extreme  corners  of  the  bottom  of  the 
jig  to  coincide  with  two  holes  drilled  in  the  table  of  the  drill- 
press,  so  located  that  the  spindle  8  will  be  in  line  with  the  centre 
of  the  drill-chuck.  By  this  means  the  holes  can  be  drilled  very 
rapidly  and  with  the  certainty  that  they  will  all  point  toward 
the  common  centre.  When  drilling  the  wheels,  the  spindle  is 
rotated  until  one  of  the  spotted  centres  is  in  line  with  the  drill. 
The  work  is  then  pressed  upward  against  it  and  the  drill  in- 
stantly locates  it  perfectly  in  line. 

The  counterboring  of  the  holes  is  accomplished  in  the  same 
manner  as  the  drilling;  the  counterbore  being  set  to  the  required 
depth  in  the  holes  by  means  of  the  groove  X,  the  table  of  the 


Fig.  81. 

press  being  raised  until  the  face  of  the  counterbore  rests  on  the 
flat  face  Fof  the  gauge,  which  is  slipped  into  the  spindle  holes  of 
the  jig.  The  table  is  then  set,  the  gauge  is  removed,  the  work- 
spindle  8  is  reinserted  and  the  holes  in  the  wheel  are  finished  to 
the  diameter  and  depth  required. 

The  manner  in  which  the  wheels  are  used  when  finished  is 
shown  ill  Figs.  79  and  80.  II  is  the  wheel  with  the  punches  in- 
serted; I  is  the  pinking-cutter  for  pinking  the  edge  of  the  work; 
A  the  body  of  the  machine ;  B  the  cutter  and  disk  spindle,  which 
is  rotated  by  hand  by  the  crank  handle  F;  V  a  hard-rubber  holder 
which  runs  free  and  can  be  adjusted  on  the  yoke  spindle  Tand 
raised  or  lowered  by  the  knurled  nut  O.  A  sample  of  the  work 
produced  is  shown  in  Fig.  81. 

JIG    FOR    DRILLING   AN    ALUMINTJM-BASE    CASTING. 

Fig.  82  shows  a  base  or  stand  of  an  electrical  cloth -cutter,  a 
casting  of  aluminimi,  7^-inclies  long.  There  were  eleven  holes 
to  be  drilled  around  the  outside.     These  were  for  6-32  screws, 
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and  were  to  hold  in  place  a  sheet-steel  shoe  the  size  of  the 
ontside  of  the  casting  and  the  inside  shown  by  the  dotted  line. 
There  were  also  six  holes  drilled  in  the  depressed  part  D  which 
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were  for  10-24  tap,  and  were  to  hold  the  standard  that  supported 
the  cutter.  Then  there  were  three  large  holes  1^  inches  in  di- 
ameter by  ^-inch  deep,  with  a  ^-inch  hole  in  the  centre,  ^-inch 
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FIG.  83. 


deep.  There  were  also  four  holes  drilled  within  each  of  these 
large  ones,  for  4-40  screws.  These  holes  were  for  plates  which 
held  rollers  for  the  machine  to  travel  on. 

The  jigs  used  for  drilling  these  holes  are  shown  in  Figs.  83 
and  85  respectively ;  in  all  there  were  thirty-five  holes,  of  which 
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twenty -three  were  drilled  in  the  jig  shown  in  Pig.  83.  As  will 
be  seen,  the  jig  is  composed  of  two  main  parts,  the  top  and  bot- 
tom. The  bottom  was  a  casting,  for  which  a  special  pattern  had 
been  made,  hollowed  out  on  the  inside  to  allow  the  work  J"  to  be 
set  in,  with  clearance  all  around.  There  were  lugs  cast  in  each 
end  to  accommodate  the  swinging  studs  H  H.  After  it  had  been 
planed  flat  on  the  bottom  it  was  milled  flat  on  the  inside,  and  the 
gauge-plate  K  made  and  fastened  with  screws  and  dowels.  This 
plate  was  for  locating  the  work,  which  had  previously  been 
milled  out  at  that  point  to  templet,  as  seen  at  D,  Pig.  82.  The 
top  plate  was  then  got  out  of  cast-iron,  planed  on  both  sides 
and  slotted  on  the  ends  for  the  lock-pins.  The  two  were  then 
strapped  together,  and  the  holes  for  the  two  dowel-pins  J  J  were 
drilled  and  reamed.  The  pins  were  made  and  driven  into  the 
bottom  piece  F;  then  using  the  centre  of  the  gauge-plate  K  for  a 
common  centre,  all  the  holes  shown  were  carefully  located  by  the 
button  method,  and  then  trued  and  bored  in  the  lathe. 

Three  holes  were  drilled  in  the  position  shown  for  the  set- 
screws  J  J  J.  Next,  the  bushings  were  all  made,  hardened, 
ground  and  lapped  to  size,  and  driven  home.  The  lock-studs 
H  H  were  made  of  machine  steel  and  the  nuts  or  handles  G  G, 
also  of  machine  steel,  got  out  and  put  together,  and 
the  jig  was  complete.  When  using,  the  handles  G 
G  were  given  a  turn  so  as  to  allow  of  their  being 
swung  clear  of  the  plate  E,  which  was  then  removed 
and  the  work  inserted  within  the  plate  F,  locating 
itself  on  the  gauge-plate  K.  The  plate  E  was  then 
replaced,  the  lock-nuts  G  G  swung  back  and  tight- 
^**  ened,  and  the  three  set-screws  J  J  J  also  tightened. 
When  all  the  small  holes  were  drilled,  the  large 
holes  were  drilled  and  counterbored   by  the  com- 


Fio.  84.      bination   drill   and  counterbore  shown  in    Fig.  84. 
-^  is  a  flat  drill  inserted  within  the  counterbore;  L 
a  screw  for  adjusting  it,  and  Msl  screw  for  holding  it. 

This  is  the  style  of  jig  best  adapted  for  this  class  of  work. 
As  will  be  seen,  the  work  itself  is  of  a  shape  hard  to  hold,  and 
the  way  shown  answered  all  requirements  and  could  be  relied 
upon  to  machine  work  that  would  interchange. 
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Fig.  85  shows  the  jig  for  drilliug  the  small  holes  within  the 
large  ones,  for  the  roller-plate  screws;  this  itself  neeiis  little  de- 
scription to  be  understood.  As  will  be  seen,  it  was  composed  of 
a  flat  piece  of  cold-rolled  steel  worked  into  the  shai)e  shown,  and 
two  disks  turned  up  to  just  the  size  of  the 
large  holes  in  the  base.  They  were  then 
fastened  one  in  each  end,  so  as  to  inter- 


change  in   the  large  holes.     The   holes    »'„  :;g  i* '.;  "r??"?) 

for    the    bushings    were    then  laid   out,  fio.ss. 

drilled,  and  reamed;  the  bushings  made, 

hardened,  and  inserted,  and  it  was  all  read}-.  The  jig  was 
placed  so  that  the  disks  rested  in  two  of  the  holes  L  L.  The 
holes  were  drilled  in  each,  and  one  end  of  the  jig  was  swung 
over  to  hole  A  and  the  holes  drilled  in  it.  This  proved  a 
simple  and  reliable  means  of  drilling  these  and  getting  them  all 
alike,  as  they  should  be,  as  the  roller-plates  were  blanked  and 
the  holes  in  them  pierced  in  the  press. 

The  steel  shoe  mentioned  in  the  beginning  of  this  description, 
for  the  base,  was  blanked  and  pierced  in  the  press.  So  the 
degree  of  accuracy  necessary  in  the  laying  out  of  the  holes  can 
be  easily  seen  when  it  is  understood  that  they  were  to  go  on  either 
way,  and  leave  an  equal  margin  projecting  all  around  outside  the 
edge  of  the  castings. 


CHAPTER  VL 

The  Design  and  Construction  of  Drilling-Jigs  for 

Heavy  Machine  Parts,  etc. 

CONSTEUCTING  LAEGE  DEILLING-JIGS. 

The  introduction  of  tools  and  fixtures  for  the  production  of 
duplicate  parts  of  heavy  machinery  and  tools  has  necessitated  the 
devising  of  means  and  the  designing  of  fixtures  by  the  use  of 
which  the  part,  or  parts,  to  be  machined  could  be  handled  with 
ease  and  expedition.  The  result  has  been  that  where  the  proper 
design  and  construction  of  fixtures  has  been  carried  out,  the  fin- 
ished work  has  proved  vastly  superior  to  that  done  by  the  old 
methods. 

In  designing  and  constructing  drill- jigs  for  heavy  parts  there 
are  a  number  of  obstacles  to  be  met  and  overcome,  not  found  in 
jigs  for  the  different  classes  of  work  shown  and  described  in  the 
preceding  chapters.  They  are  in  effect  as  follows:  In  the  in- 
creased size  and  strength  of  the  jig  castings.  Then  in  the  locat- 
ing- and  fastening-points  for  the  work,  which  must  be  so  situated 
as  to  allow  the  work  to  be  located  and  fastened  within  the  jig 
quickly,  with  the  least  exertion  on  the  part  of  the  opemtor. 
Lastly  in  the  locating  and  finishing  of  the  drill  bushing-holes, 
which  cannot  (as  a  rule)  be  successfullj^  accomplished  by  the 
same  means  used  in  the  construction  of  jigs  for  small  parts. 

JIG  FOE  DEILLIXG   A  XAILING-MACHIXE  CEOSS- 

HEAD. 

The  numerous  and  various  jigs  shown  in  the  accompanying 
illustrations  show  clearly  the  most  practical  design  and  construc- 
tion for  the  various  shaped  castings  shown.  In  Fig.  86  are  three 
views  of  a  cast-iron  cross-head  for  a  nailing  machine.  This  is 
finished  at  three  points,  at  A  A,  B  B,  and  the  bottom  C  C    The 
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boles  drilled  are  eighteen  in  Dumber;  fonr  at  eachendat  i>;  four 
at  E,  and  six  at  Fin  the  front  projection.  The  jig  for  drilling 
them  is  shown  clearly  with  the  work  fastened  within  it  iu  the 
two  views  in  Fig.  87.     It  consists  of  one  casting  with  legs  at  each 
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end  at  G  (?.  The  work  is  located  by  forcing  it  endwise  against 
the  two  locators/aud  ^respectively,  by  the  set-stTews  L  L  (see 
view.  Fig.  88).  Four  straps,  KKKK,  fiisteu  and  hold  down  the 
work  securely  on  two  raised  and  finished  spots  in  the  bottom  of 


the  jig.  The  btishing-holes  are  located  and  finished  by  the 
method  described  iu  the  beginning  of  this  chapter.  AVheu  in  nse 
the  work  is  fastened  within  the  jig  by  slipping  it  down  on  the 
locating-points  *id  tightening  all  screws  and  t-hunps.     The  jig  is 
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then  stood  on  end  on  the  legs  G  G  and  the  holes  are  drilled 
through  the  hushings  Q  Q,  after  which  it  is  reversed  and  the 
holes  in  the  opposite  end  drilled  through  the  bushings  P  F.  The 
large  holes  through  the  four  projections  are  then  finished  by  in- 
serting a  boring-bar  through  the  bnsbings  0  aud  the  cored  boles 
iu  the  four  projecting  lugs  of  the  croas-bead,  in  which  four  cut- 
ters are  fastened,  one  end  of  the  cutter-bar  being  faetened  in  the 
drill-press  spindle,  and  the  other  end  running  in  and  passing 
throngh  the  hole  in  the  centre  of  the  table,  as  the  bar  is  fed 
down.  The  jig  is  as  simple  as  possible,  and  allows  the  work 
being  very  rapidly  located,  fastened,  drilled,  and  removed.     The 
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projecting  lugs  on  the  sides  for  the  straps  or  clamps  K K  K  K 
strengthen  the  euds  of  the  jig,  and  overcome  the  tendency  to 
weakness  in  the  projecting  ends.  The  use  of  a  boring-bar  with 
four  cuttei"s  for  fiuishiug  the  holes  E,  Fig.  86,  is  both  economi- 
cal and  productive  of  good  results,  saving  time  iu  the  finishing 
of  the  holes  aud  insuring  their  alignment  wilh  each  otiier  when 
finished.  The  use  of  the  clamps  for  fastening  the  work  tends  to 
the  rapid  fastening  and  releasing  of  the  same,  as  by  a  single  tarn 
of  the  nuts  they  can  be  swung  on  or  off, 

DRILLING-JIG  FOB  CAST-IRON  IMPRESSION  ROLLERS. 

In  the  two  views  of  the  cast-iron  impression  roller  in  Figs.  89, 
90,  we  have  a  piece  of  work  that  would  t>edifBcult  to  handle  with- 
out the  use  of  a  jig.     The  roller  is  turned  and  finished  in  the 


IXTERl  -11 A  yo  EA  BLE  SI  A  S  UFA  CTURLSU.  99 

lathe  and  then  trausrerred  to  tlie  miller  and  indexed  for  six,  and 
the  four  channels  T  T  T  T  are  nulled  down  its  entin;  length.  In 
each  of  these  channels  six  hulei^,  R,  are  drilled  and  iu  the  plain 


side  of  the  roller  fonr  connterbored  holes,  W,  are  let  in.  The 
inside  of  the  roller  is  cored  oat  as  sliovu  by  the  dotted  lines, 
with  cored  vents  at  V  V.  A  2-iuch  hole  through  the  ends  at 
TJ  (Tacts  as  a  journal -bearing  for  a  revolvinj;  Khaft.  The  jig  is 
clearly  shown  in  the  cross-sectional  view  in  Fig.  91,  and  in  the 
top  and  end  views  of  Figs.  92,  93.  X  is  the  main  casting,  Y  the 
biishiug-plate,  and  /  the  shaft  on  which  the  roller  Z  to  be  drilled 
is  fastened.  The  locatingplate  C  revolves  in  the  end  B  of  the 
jig  and  projects  throngli  to  the  opposite  side,  the  iudex-plate  P 
being  keyed  to  it  at  G  and  fastened  by  the  nut  H.  The  bush- 
ings iVare  for  the  six  hol(«  R  In  the  channels,  and  those  at  it 
for  the  connterbored  holes  W  W,  Fig,  90,  To  locate  the  roller 
within  tlie  jig  so  that  the  channels  in  which  the  holes  are  drilled 
will  be  in  line  with  the  bushings,  the  locator  D  is  used.  It  is 
fastened  within  a  channel  in  (^  by  the  cap-screw  shown,  piece 


D  fitting  the  channel  E  snugly,  as  Khown  in  the  ciogh  section; 
while  the  roller  is  fastened  to  tJie  shaft  /  by  the  set-screws  K. 

Ill  the  end  view  of  the  jig,  Fig,  92,  the  indexing -holes  in  the 
plate  F  are  shown — those  for  the  holes  in  the  channels  are  at 
B  B  R,  and  the  one  into  which  the  Index -pin  J  is  entered,  four 


1 


idUli^ 


TOOJ-r-MAKim}   AXJ) 


in  all.     That  for  the  eouiiterbored  holes  is  at  Q.     The  top  vietr 
of  the  jig  shows  the  poBition  in  which  the  bushiugs  iVand  Jf  are 
locat*;d,  aud  the  mauuer  of  locating  the  bushing- plate  by  the  four 
,       screws  L  and  the  two  dowel-pins  P  P.     By 
reverting  to  Fig.  91,  the  nianipulatiou  of  the 
jig  when  in  nse.  and  the  drilling  of  the  work 
will    be  understood.      The  shaft  I  and  the 
roller  Z  are  inserted,  fitting  between  the  locat- 
ing-plate  C  and  the  finished  hub  on  the  end 
A,    with  the  locator  D  in   the  first  of  the 
ehaunels.     The  shaft  /  ia  then  slipjied  through 
fto.bh,  and  set-screw  A' in  the  roller  tightened.     The 

jig  ia  then  set  on  the  table  of  a  lai^e  adjnstjible  multiple 
Hpimlle-drill ;  six  of  the  spindlej:«  being  set  so  that  the  drills 
will  enter  the  six  bushiugs  .V,  and  four  of  the  remaining  spin- 
dles BO  set  that  the  counterbores  will  enter  the  bushings  M. 
The  jig  is  then  fastened  securely  to  the  press  table  by  cap-screws 
through  the  ends  at  C.  The  four  holes  W'fFig,  84)  are  then 
couuterbored,  first  removing  the  drills  from  the  other  sik  spin- 
dles. The  counterbores  are  then  reraove<i,  the  six  drills  refast- 
ened  to  the  spindles,  aud  the  index-plate  revolvi-d  until  the  first 
channel  in  the  work  is  under  the  bushing  JV.  Indes-pin  ./  is  now 
entered  aud  the  six  holes  drilled,  when  the  index-plate  is  moved 
for  the  next  chaunel  aud  the  holes  drilled  in  it,  the  holes  in  the 


lew  I 


remaining  two  channels  Iteiiig  drilled  in  the  siinie  nianner.  The 
n.se  of  this  jig  t*»gether  with  the  multiple  spindle-drill  makes  the 
handling  and  drilling  of  the  heavy  roller  »  simple  operation, 
that  would,  however,  be  difficult  to  perform  salisfaetnrily  by 
any  other  nieans.  Moreover,  the  work  pi-odnced  will  be  found 
1,0  iuterchaugfl  perfe<'tly. 
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DBILLING-JIG   FOK  DOVETAILED  SLIDE-BRACKETS. 

A  separate  and  distioct  type  of  jig  for  heavy  work  is  shown 
in  tbe  three  views  in  Figs.  9J~95.  It  is  used  for  driUing  all  tlie 
holes  in  the  dovetailed  slide-bracket  shown  iu  Figs.  96-97,  and, 
as  will  at  ouce  be  seen,  can  be  located  on  the  work  simply  and 


rapidly.  The  bracket  (Figs.  96,  97)  has  four  holes  drilled  at 
Wr  rand  two  at  W  W.  The  four  holes  Fare  for  fastening 
the  bracket  to  the  body  of  the  machine  of  whicii  it  forms  a  i>art, 
and  those  at  W  TTfor  fastening  a  apindle-bearing  to  the  portion 
on  the  bracket.  The  casting,  before  being  drilled,  is  machined 
on  the  t>ack  at  U,  planed  dovetailed  at  8  S,  and  a  cut  is  taken 
off  the  top  at  T  T.  The  dovetailed  surface  is  utilized  as  the 
positive  locating-point  for  the  jig,  as  it  is  shown  secured  iu  the 
work  iu  the  two  views  of  Fig.  95.  The  lK>ttom  of  the  jig  and 
the  point  Z  are  finished  to  coincide  with  the  dovetaile<l  surface 
of  the  work.  The  angular-faced  clamp  A  is  forced  up  against 
the  work  by  the  two  set-screws  li  B  and  drawn  up  tight  by  the 
clamping-lever  and  stud  C  The  end  locating-point  is  at  D, 
which  consists  of  a  ilat  steel  plate  fastened  to  the  overhanging 
end  of  the  jig  by  two  flat-head  screws.  The  four  bushings  F  F 
project  down  almost  to  the  face  of  the  jig.  this  t>cinK  ueoeRsary, 
as  the  casting  at  this  point  is  not  machined.  When  being  drilled, 
the  casting  rests  on  the  back  Xand  the  jig  is  located  and  fast- 


102 


TOOL-MAKING  AND 


ened  on  it  as  shown  in  Fig.  95.  The  holes  drilled,  the  jig  is 
quickly  removed  by  loosening  the  two  set-screws  B  B  and  the 
clamping-lever  C,  which  allows  the  clamp  ^  to  be  slid  back  and 


the  jig  removed.  The  design  of  this  jig  gives  a  practical  illus- 
tration of  how  simple  and  inexpensive  tools  for  the  drilling  of 
heavy  parts  can  be  constructed,  by  choosing  the  most  adaptable 
locating-points  on  the  work,  and  designing  the  jig  castings  so  as 
to  have  as  few  points  as  possible  to  machine.  When  locating 
and  finishing  the  bushing-holes  in  this  jig,  it  was  first  finished  at 
all  points  necessary,  and  then  clamped  to  the  slide-bracket,  or 
work,  which  was  in  turn  clamped  to  the  miller-table,  with  the 
top  of  the  jig  up.     The  holes  were  then  located  and  finished  by 

getting  the  distances  from  the  machined  sur- 
fac^is  of  the  work  and  using  the  vertical  at- 
tachment, thus  doing  away  with  the  necessity 
of  first  laying  out  the  holes  on  the  work,  then 
finding  their  location  in  the  jig.  This  is  a 
very  good  plan  to  follow  when  the  shape  of 
the  jig  eiistings  will  not  allow  of  their  easy  fastening  to  the 
miller-table.  Moreover,  in  getting  the  distances  between  the 
bushing-holes,  the  machined  surfaces  of  the  work  are  reliable 
points  to  measure  from. 
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FIG.  07. 


DRILLING-JIG  FOR   POWER-PRESS   BOLSTERS. 

Fig.  99  shows  still  another  jig,  in  two  views.  It  is  for  drill- 
ing all  the  holes  in  the  press-bolster  shown  in  Fig.  98.  The  cast- 
ing, as  can  be  seen,  is  a  rather  difficult  one  to  handle ;  but  by  the 


istehchangeable  mauvfactvrisg.      103 

use  of  the  jig  the  driDing  is  accomplished  with  ease  aud  expedi- 
tion. The  only  fioishing  done  on  the  casting  before  drilling,  is 
to  plane  all  sides  of  the  twoobloug  projections,  as  shown  at^  A, 


_^SV 
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B  B,  and  C  C,  to  gauge.     The  boles  drilled  are  the  four  DDD  D 

and  two  E  E,  aud  cue  through  each  of  the  projections  F  F  F  F. 

The  jig  (Fig.  99)  is  in  two  parts,  the  lid  aud  body  casting. 


There  are  legs  on  four  sides  and  on  the  bottom.     The  casting  to 
be  drilled  is  located  from  the  two  oblong  projections  on  the  back. 
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as  sliowTi  iu  the  plan  view,  by  the  locating- spotB  C  I  and  f  and 
the  set-screws  K  K  and  ./;  the  large  strap  L  holdiug  it  securely 
in  the  bottom  of  tlie  jig.  The  lid  is  located  by  the  two  nuts  O  0. 
The  bushings  N  through  each  of  the  projecting  lugs  on  the  face 
of  the  lid,  are  forthe  holes  thi-ough  J'J'J'l'  in  the  work.  The 
four  bushings  11  are  for  the  holes  D  and  those  at  Q  Q  for  the 
holes  E  E.  When  the  jig  is  iu  use  the  work  is  located  and  fast- 
ened within  it,  as  shown  by  the  dotted  lines  in  the  plau  view  iu 
Fig.  il9.  It  is  then  rested  on  its  baek  and  all  the  holes  in  the 
face  are  drilled.  The  holes  in  the  projecting  lugs  of  the  casting 
at  fare  drilled  by  standing  the  jig  ou  each  of  its  sides  in  turn 
and  drilling  dowu  through  the  bushings  N.  In  this  jig  the 
amount  of  time  takeu  to  locate,  fasten,  and  then  drill  the  work 
amounts  to  very  little  when  the  shape  and  bulk  of  the  easting  is 
considered.  Jigs  of  this  design  can  be  used  to  the  best  advautsige 
for  the  drilling  of  heavy  castings  on  which  arc  a  number  of  pro- 
jecting Ings,  and  when  holes  are  drilled  iu  them  to  a  given  line, 
or  in  line  with  each  other,  as  in  the  esise  of  the  casting  drilled  in 
this  one. 

POINTS  TO  BE  HEMEMBERED. 

In  constructing  tools  of  the  class  described  in  this  chapter  a 
few  things  must  be  considered:  lirst,  to  construct  the  tools  as 
simple  as  possible  and  to  make  them  po.sitive,  so  that  they  can  be 
bandied  by  chejip  help  without  the  possibility  of  going  wrong. 
Also,  in  choosing  locating-points  on  the  work  for  the  jigs,  take 
the  same  ones  (wherever  possible)  for  all  succeeding  operations, 
thereby  eliminating,  as  far  as  possible,  the  mai^in  of  error 
which  may  be  the  result  of  preceding  operations.  For  instance, 
let  us  consider  the  upper  columns  of  drill -presses:  The  first  oper- 
ation on  such  parts  is  the  planing  of  the  angular  faces  of  the  col- 
umns. These  faces  are  then  u.sed  as  locating-  and  truing-pointfi 
for  the  succeeding  operations  of  milling  and  drilling.  There- 
fore, if.  when  the  columns  were  set  upon  the  planer  for  tlie  first 
operation,  they  were  not  set  square  with  the  ends,  the  error  was 
overcome  in  the  machining  of  the  ends  in  the  next  opei-ation. 
Another  thing,  tools  of  the  kind  shown  should  always  be  made 
as  strong  as  possible,  so  as  to  withstand  rough  usage  witltout  in 


J 


INTERCHANGEABLE  MANUFACTURING.         105 

any  way  affecting  their  accuracy.  If  the  tools  are  delicate,  the 
time  wasted  in  caring  and  looking  after  them  offsets  that  saved 
in  the  machining  of  the  work  by  their  use.  Also  have  a  place 
for  fixtures  where  they  may  be  put  out  of  the  way  when  not  in 
use;  do  not  have  them  encumbering  the  floor,  as  is  all  too  fre- 
quently the  case  in  a  number  of  shops.  This  will  tend  to 
lengthen  their  life,  and  it  will  not  be  necessary  to  hunt  all  over 
the  shop  whenever  they  are  wanted. 


CHAPTEB  VII. 

Drilling-Jigs  of  Novel  Design  and  Construction. 

Having  in  preceding  chaptei-s  fully  described  the  most  expe- 
dient means  for  accomplisliiug  accurate  results  in  desiguiug  aiid 
coQStruetiiig  the  more  familiar  class  of  drill-jigs,  as  well  as  illus- 
trated numerous  types,  I  will  show  in  tliia  chapter  a  uumber  of 
jigs  of  sjiecial  aud  novel  designs  and  describe  means  for  their 
proper  making  and  rapid  ojieration. 


DRILLING    HOLES    IN    A    SPIRAL    LINE    AROUND    A 
CYLINDER. 

Fig,  100  shows  two  views  of  a  jig  used  for  drilling  the  liolos 
A  A  aud  B  B  in  the  roUer  Fig.  101.  As  will  be  seen,  the 
two  sets  of  holes  are  tb'illed  eutirely  arouiid  on  a  |-ine[i  pitch 


» 


spiral,  right  and  left  n.'spectively.      When  iiiiislieil  the  rollci-s 
have  hardened  pins  inserted  in  the  holes,  aud  act  as  ciinis  foi 
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moving  small  alides  of  an  automatic  machioe.  The  jig.  Fig. 
100,  although  simple  in  design  ami  construction,  is  very  aecurate 
in  prodnction,  and  possesses  some  novel  features  seldom  met  with 
in  drill-jig  design.  The  jig  consists  of  the  body  casting,  of  which 
A  A  are  the  legs,  and  B  the  bush-  ^  ^ 

Ing-  and  pin-plate.  The  roller 
to  be  drilled  is  fastened  on  the 
spindle  D  by  the  nnt  shown. 
This  spindle  moves  freely  in  the 
casting  at  C.  The  right  and 
left  worms  7  and  J  are  cut  to  a  }-inch  pitch,  and  are  fasteued 
to  the  spindle.  The  indexer  K  is  of  machine  steel,  indexed 
to  twenty-six  and  fastened  to  the  spindle  by  the  set-screws 
L.  The  index-pin  Q  is  fastened  within  the  bracket  P  and  is 
finished  on  the  end  to  fit  the  index-notches  in  A',  the  spring  B 
keeping  it  down  tight.  The  worm-stud  0,  of  tool  steel,  is  fin- 
ished to  fit  the  worm  snugly ;  the  lieiid  is  knurled,  and  it  is  then 
hardened.  The  end  of  the  spindle  i),  on  which  the  work  is  fast- 
ened, is  finished  with  a  shoulder  at  E  and  two  smaller  ones  at  F 
F,  the  space  between  these  two  l>eing  reduced  to  a  size  sufficiently 
small  to  allow  for  clearance  for  the  drill  as  it  comes  through 
the  work.  The  drill-bushing  T  is  let  in  the  top  B  so  that  when 
the  spindle  projects  to  its  furthest  point  the  firat  hole  drilled 
will  be  the  exact  distance  reqiiire<l  from  tlie  end  of  the  work. 

When  in  use  the  work  is  fiistened  on  the  spindle  and  the  index- 
pin  8  is  placed  in  the  first  notch  of  the  index-sleeve  A'  that  is,  in 
the  position  shown  in  Fig.  100.  The  first  hole  is  then  drilled. 
The  pin  is  now  entered  into  the  next  notch  and  the  next  hole 
drilled.  And  so  on  until  complete  circles  of  holes  are  drilled 
entirely  around  the  work ;  the  stud  0  in  the  worm  feeding  the 
spindle-back  as  the  holes  are  drilled.  As  the  last  one  in  the  first 
circle  of  holes  is  drille<l,  the  spindle  is  slid  in  by  hand  and  the 
stud  Q  enters  the  worm  I.  The  spindle  is  then  revolved  in  the  op- 
posite direction,  and  the  other  circle  of  holes  drilled  in  the 
same  manner  as  the  first.  The  work  is  then  renmvod,  and  the 
spindle  fed  back  to  the  starting-point;  another  roller  blank  is 
fasteued  on  the  spindle,  and  the  opei-atious  repealed  ius  before. 
This  jig  can  be  adopted  for  the  drilling  of    hoteij,  on  a  given 
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pitch,  in  circnlar  pieces  of  work.  Bushings  to  tlie  number  of 
cirelas  I'equired  may  be  used.  The  one  thing  uecessary  is  to  have 
them  spaced  aud  located  esactly  the  same  distance  apart ;  which 
should  be  the  same  a.s  Uie  pitch  of  the  worm. 

INDEXING-DIAL  JIG  FOE  DEILLING  SMALL  CAMS. 
Figs.  102-103  show  three  views  of  a  Jig  in  which  the  iudexing- 
dial  principle  is  ntilixed  for  the  rapid  drilling  of  the  Hinall  cam, 
Fig.  104.  This  jig  is  ao  constructed  as  to  allow  the  work  when 
Unialied  to  bo  self- releasing.  It  consists  of  a  body  casting  A 
planed  and  finished  on  all  sides,  and  having  legs  B  B  Kcraped. 


It  is  boi'ed  to  admit  the  stem  J)  of  the  index-  and  receiver -plate 
C,  which  has  eight  holes  F  Iwred  and  finished  to  allow  of  the 
work  to  be  driUeil  fitting  nicely  within  them,  and  thereby  acting 
as  receivei'R.  The  four  holes  L  are  the  indexing-  or  si>acing- 
I)oiiit8,  and  are  all  reamed  to  exactly  the  siime  size.  The  bnsh- 
iiig-plate  J{  is  fastened  by  the  dowel-pins  J  Jand  the  two  cap- 
screws  .7  J.  This  is  done  before  locating  and  finishing  the  bush- 
iug-holes.  The  bushings  A"^ are  let  into  the  plate  JT,  a-s  shown, 
find  are  ground  and  lapped  to  sixc.  Care  is  necessary  in  the 
locating  and  finishing  of  the  bushing-holes  to  get  them  in  the  exact 
position  requii-ed,  as  it  is  necessary  to  have  the  holes  in  the  o 
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eccentric  to  a  given  size.  The  index-pin  P  fits  snugly  in  the 
hole  in  the  plate  M,  and  the  holes  L  in  the  index-  or  receiving- 
plate.  The  spacing  and  locating  of  all  holes  for  the  bashings, 
indexpin,  and  receivers  for  the  work  are  aceuratelj'  accom- 
plished by  the  "button  method"  on  the  dividing-head  of  the 
universal  milling-machine,  in  the  manner  described  in  a  pre- 
ceding chapter.  The  receiver-holes  jP  are  all  finished  to  size 
with  a  special  reamer. 

When  in  operation  one  of  the  pieces  to  be  drilled  is  placed  in 
each  of  the  eight  holes  or  receivers  F.  The  dial  is  then  fed 
around  until  the  first,  two  places  are  under  the  bushings  K  K, 
when  the  index-pin  P  is  entered  into  the  hole  L  and  the  two 
pieces  of  work  are  drilled.  The  index-pin  is  now  removed;  the 
dial  revolved  one  space,  and  the  index-pin  re-entered.  This 
brings  the  next  two  pieces  under  the  bushings.  The  piece  drilled 
drops  through  the  jig  at  E ;  the  bottom  of  the  jig  being  cut  away 
at  this  point,  as  shown  by  the  dotted  lines.  The  second  piece 
drilled  remains  at  G.  Now  the  dial  is  moved  around  and  the 
empty  receivers  are  filled,  sis  the  finished  work  drops  out.  As  will 
be  readily  seen,  the  design  of  this  jig  allows  of  the  continuous 
drilling  of  the  work,  without  loss  of  time  in  the  removal  of  sjime 
when  finished.  Moreover,  the  placing  of  the  work  in  the  empty 
receivera  can  be  acconii)lished  very  rai)idly,  which  is  one  of  the 
best  features  of  the  jig,  as  this  pait  of  the  work  is  quite  a  factor 
in  the  rapid  handling  and  production  of  small  parts  by  drilling. 
This  jig  can  be  used  to  advantage  f(u*  the  drilling  of  holes  in 
small  i)arts  which  have  l)een  previously  machined  to  a  uniform 
size.  For  the  drilling  of  work  in  which  great  accuracy  in  the 
product  is  desired  the  indexing-  or  spacing-holes  in  the  dial 
should  l>e  equipped  with  hardened-steel  bushings,  which  should 
be  lapped  to  a  size  allowing  of  a  snug  tit  for  the  index-i)in,  thus 
insuring  the  accurate  locating  of  the  work  and  the  positive  fast- 
enings of  same  while  l)eing  drilled. 

JIGS   WITH   IXDEXIXG-rLATES. 

In  the  jigs  shown  in  Figs.  106,  108,  109,  respectively,  we  have 
two  more  adaptations  of  the  indexing-dial  principle  for  a  sepa- 
rate and  distinct  class  of  work.     These  possess  features  and  at- 
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tacbments  which  iu  deuigii  aud  couistructiou  are  not  foiind  iu 
any  of  the  jigs  previously  shown.     That  Bhowii  in  Fig.   106  is 
used  for  drilling  nil  the  holos  (except  the  centre  one  ('}  in  the 
spider  ciksliiig,  Fig.  105;  l.hivt  is,  tlioxc 
tiiiirked  B  and  A,  through  tlie  prujcct- 
ing  lugs.     The  design  of  this  jig  is 
tlearly  showu  in  three  views,  and  the 
method  of  constraotion  can  be  i-cadily 
understood  from  the  description   of 
Ihe  others.     When  in  use  the  casting, 
Fig.  105,  is  fiisteued  ou  index-plate  H, 
Fig.  100,  by  entering  into  the  stud  K, 
*"" '"'''  and  then  faateueii  by  a  nut  at  L.     It 

is  located  against  the  small  pi-ojectiiig  piece  0.  The  index-piu  V 
is  then  entered  in  one  of  the  holes  M  by  feeding  the  index-plate 
around  the  desired  distance  by  worm  C.  The  holes  through  one 
of  the  projecting  lugs  B,  Fig.  105,  ai-e  then  drilled  through  bush- 
ing P.  The  jig  is  now  stood  on  the  legs  B  RBB,  and  one  of  the 
holes  A  is  drilled  through  the  bushing  Q  at  the  back.  Index-pin 
U  is  pulled  out,  the  dial  fed  around  one  space,  and  the  next  two 
holes  are  drilled.  Index-pin  (7  is  equipped  with  a  spring  which 
keeps  it  tightly  down  on  the  plate.  The  nine  holes  3f  are  clear- 
ance-holes for  the  drill,  and  are  finished  slightly  larger  than  the 
hole  iu  hushing  Q.  The  iudex-plate  //  is  a  good  fit  between  the 
front  and  hack  of  the  jig,  to  allow  it  lo  revolve  freely  without 
play  on  its  fac«.  The  bearings  for  the  womi-shaft  are  east  on 
the  edge  at  B  B.  The  main  casting  is  cut  away  at  E,  as  shown, 
in  order  to  allow  of  the  handle  J^i'evolving  freely. 

This  jig  can  he  used  for  drilling  a  number  of  different  sizes 
of  castings  of  the  s:inie  shape;  that  is,  with  the  number  of  pro- 
jections reduced  or  increased  by  changing  the  index-plate,  or, 
better  still,  by  finishing  it  with  a  number  of  diifereut  circles  of  ■ 
holes.  This  will  allow  of  indexing  any  niunber  of  holes  in  the 
casting  to  be  drilled — within  its  capacity — or  for  the  drilling  of 
regularly  spaced  holes  in  castings  of  a  circular  or  irregular 
shape.  The  use  of  the  worm  for  revolving  the  index-plate, 
although  not  absolutely  necessary,  is  far  preferable — whenever  the 
quantity  of  work  to  be  drilled  will  allow  of  the  extra  expense — 
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to  tlie  oBaal  way  of  revolving  the  plate  by  baud ;  for  by  haviog  a 
worm  a  fair  fit  in  tbe  bobbed  riin  of  tbe  index-plate,  it  contrib- 
utes to  the  BtreDgtlieDiiig  and  rigidity  of  tlie  plate  while  the 
work  is  beiog  drilled. 

In  Figs.  108-109  we  have  the  other  adaptation  of  the  dial 
principle,  as  nsed  for  the  finishing  of  work  iu  a  manner  entirely 
different  from  any  other  before  shown.     The  piece  machined  in 


this  jig  is  shown  iu  Fig.  107.  It  is  a  drop-forging  and  is  first 
machined  at  three  points  at  the  bsick  aX,  A  A  A  omx  milling  fixt- 
ure. The  centre  bole  8  is  bored  and  reamed  to  size,  and  the  top 
Cia  faced  in  a  special  chuck  in  the  turret-lathe.     Tbe  remaining 
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operations  necessary  to  finish  tlie  piece  aixs  all  accomplished  by 
the  use  of  the  jig  shown  in  plan  and  cross-sectional  views  r  i.e.,  the 
drilling  of  the  hole  D,  Fig.  107,  in  the  centre  of  each  end; 
the  facing  of  the  top ;  the  liuishing  of  the  parts  E  by  a  hollow 
mill ;  the  facing  of  the  wide  surface  of  shoulders  F,  and  the  flu- 
ishing  of  the  lialf-rouud  bearings  G  G.  As  this  jig  is  of  a  novel 
and  special  design,  a  detailed  description  of  the  practical  poiuts 
necessary  to  its  successful  construction  is  essential. 

The  body  or  base  of  the  jig  is  of  cast-iron,  with  a  slot  B  at 
either  end  for  clamping  it  to  the  drill-press  table.  The  three 
raised  surfaces  E  and  F  F  locate  the  work.  The  lugs  C  C  are 
the  side  locating-poiuts,  and  those  at  7)  J>  ai-e  for  the  set-screws 
if  JT.     Base  A  is  first  planed  on  the  bottom,  and  the  projectious 

are  finished  to  the  height  shown.  It  is  now  strapped  on  the 
lathe  face-plate,  and  bored  and  threaded  for  the  central  locating- 
and  fastening -stud,  which  is  of  tool  steel,  turned  and  finished  to 
the  shape  shown.  This  stud  Ls  threaded  at  S  to  sci-ew  tightly 
into  base  A,  and  at  R  to  fit  the  ccnti-c  hole  in  the  work  O,  and 
is  reduced  for  the  rest  of  its  length  to  the  size  showu  at  Q. 
Finally,  the  end  C  is  threaded  for  the  nut  V.  The  locating- points 
CC'are  finished  so  that  when  the  work  O  is  forced  against  them  by 
the  set-screws  H  H,  it  will  1>6  in  the  position  shown  in  the  plan 
view  of  Fig.  108.  The  dial  or  bushing-plate  P  is  of  cast-iron, 
finished  all  over,  and  bored  and  reamed  in  the  centre  to  fit  snugly 
the  locating -stod  Q.  The  holes  for  the  sis  bushings  1 1 K  K 
and  J  J  are  located  and  finished  to  the  size  required  on  the 
lathe  face-plate,  care  being  taken  to  get  the  centres  of  all  six  on 
the  radius  required,  and  to  space  them  accurately.     Nest,  the 
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boBhings  are  made,  hardened,  ground,  and  lapped  to  size,  and 
forced  into  their  respective  lioles  in  the  plate  P. 

Before  locating  the  six  indexiug-holes  L,  one  of  the  forgings, 
Fig.  107,  was  laid  out  and  strapped  on  the  lathe  fiiec-plate,  and 


the  hole  D  at  either  end  bored  and  reamed  to  size.  This  forging 
was  then  fastened  within  the  jig,  Fig.  109,  and  used  for  locat- 
ing the  first  index-hole  iu  the  following  manner:  Two  steel 
plugs  were  turned  to  size,  to  fit  the  bushing  /  /  and  the  holes 
D  D,  iu  the  work.  By  inserting  these  plugs  through  the  bush- 
ings, the  bnshing-plate  I'  was  accurately  locateil  rigidly  in  posi- 
tion. The  first  index-hole  was  now  drilled  through  tlie  jdiitc  P 
and  into  the  projection  3f  of  the  base  A.     Next,  tlic  hole  wa^ 


reamed  with  a  taper  reamer  until  the  tai>or-Iociiting  or  inde\ -pin 
JV  entered  to  the  depth  shown  by  the  dotted  lines  in  the  cross- 
section,  Fig.  109.     Bushing-plate  i'was  then  i-eniovcd,  and  tlie 
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five  remaining  index-boles  L  located  and  reamed  to  size  on  tlie 
dividing-head  of  the  universal  milliiig-mafihine.  All  the  parts 
were  assembled,  as  shown  in  the  two  views,  and  the  jig  was  com- 
plete and  ready  for  work. 

For  use  the  jig  is  bolted  on  the  table  of  an  adjustable  multi- 
ple Bpindle-drill,  and  two  of  the  spindles  set  so  that  the  drills 
will  enter  the  bushings  II.  The  arms  of  the  drill-press  are 
adjusted  to  bring  the  spindles  into  proper  line  and  are  then 
clamxied.  The  holes  D  D  in  the  work.  Fig.  107,  are  drilled, 
then  the  .drills  are  removed,  the  nut  F  loosened,  and  the  bushing- 
plate  Pis  revolved  one  space.  Index -pin  N  is  now  re-entered 
and  nut  Y  tightened,  which  brings  the  facing-bushings  JJm 
line  with  the  work.  The  top  being  then  faced,  the  plate  is  re-, 
volved  one  space  and  the  bushings  fare  brought  in  line.  Xext, 
the  lower  shoulder  of  the  work  is  faced  and  the  bearings  G  G 
finiabed,  after  which  the  work  is  removed,  another  piece  located, 


and  the  operations  rei)eated  as  l)efore.  As  will  be  seen,  the  use 
of  this  jig  insures  the  aecnrate  finishing  of  the  work  and  its  per- 
fect iuterchangeability.  Jigs  of  this  design  can  be  used  to  the 
best  advantiige  ou  multiple  spindle-drills. 
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Fig.  110  shows  three  views  of  a  jig  that  is  self-explanatory, 
and  is  merely  illustrated  to  show  how  the  drilling  of  a  number  of 
holes  in  a  piece  at  a  given  angle  to  each  other  may  be  accurately 
accomplished  in  jigs  of  the  simplest  construction.  The  work, 
Fig.  Ill,  is  fastened  within  the  jig 
on  the  stud  D  as  shown  in  Fig.  110, 
and  located  against  the  adjustable- 
screw  I  by  set-screw  jBT,  which  allows 
of  the  rapid  locating  and  removal  of 
the  work.  When  the  jig  is  in  use 
the  nut  L  is  removed,  the  piece  to 
be  drilled  slipi>ed  onto  the  stud  and 

located  on  a  raised  flat  surface  on  the  inside.  The  jig  being 
stood  upon  the  first  pair  of  legs  C  C,  the  first  hole  is  drilled. 
It  is  then  stood  on  the  next  pair  of  legs,  and  another  hole  drilled, 
and  then  the  operation  is  repeated  for  the  third  hole. 


Flu.  HI. 


A   DRILLING-  AND  TAPPING-JIG. 

The  jig  shown  in  Figs.  112,  113,  and  114,  was  for  drilling 
and  tapping  cast-iron  hoods  of  the  shape  shown  in  Fig.  115. 
There  are  three  bosses  projecting  from  the  hood,  equal  distances 


Fk;.  112. 


apart,  and  these  bosses  were  to  be  drilled  and  tappe'd  to  §-inch, 
and  it  was  necessary  to  have  them  accurately  spaced.     After 
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they  were  drilled  and  tapped,  a  f -iuch  tube  was  screwed  on  to 
each  of  the  holes  and  the  tubes  were  each  reamed  for  a  piston, 

the  three  pistons,  meeting  in  the 
centre,  as  shown  in  the  bottom  view 
of  Fig.  115.  The  pistons  were 
worked  by  an  eccentric  and  formed 
a  part  of  a  motor.  As  will  be  seen, 
a  piece  of  this  shape  was  hard  to 
handle  and  required  reliable  means 
for  holding  it. 

The  main  piece  or  frame  of  the 
jig  was  the  casting  B,  well  ribbed 
and  strong,  with  a  good,  stiff  base 
A, '  After  the  base  was  finished  it  was  planed  on  the  front,  for  the 
slide  was  of  cast-iron,  and  was  planed  and  fitted  to  slide  nicely 
within  B  B.  A  hole  M  was  then  bored  in  the  centre  of  C  and 
tapped.  Two  giTbs  D  D  of  machine  steel  were  made  and  fastened 
with  screws  and  dowels,  and  scraped  until  the  slide  Cwould  slide 
freely.  The  locating-disk  K  of  cast-iron  was  then  made,  as 
shown  in  Fig.  114.  It  was  first  bored  in  the  centre  for  the  shoulder- 
screw  N,  and  then  turned  and  hollowed  out  to  just  the  size  of  the 
rim  of  the  hood.  Fig.  115,  leaving  a  wall  all  around.  The  back 
was  faced  off  and  relieved  at  O  O.  After  that  it  was  set  up  in 
the  miller  and  indexed  accurately,  locating  and  milling  three 
y's  at  F.  It  was  also  indexed  in  thirds  at  P,  to  give  clearance  to 
the  lugs  of  the  casting.     It  was  then  fastened  so  as  to  revolve 
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freely,  without  play,  on  the  face  of  the  slide  C,  turning  on  the 
ahoulder-screw  N.  The  spring-lock  G  was  then  made  and  fast- 
ened to  the  side  of  C;  so  that,  when  locked,  one  of  the  lugs  of 
the  work  would  be  directly  under  the  bushing  Q.     The  project- 
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ing  piece  of  the  bushing  was  fastened  with  screws  and  dowels, 
and  the  bushing  driven  in.  The  two  studs  1 1  were  turned  and 
threaded  at  one  end  to  screw  on  to  the  shoulder,  on  the  face  of 
C  They  were  then  tapped  out  at  the  other  end  for  the  two 
screws  shown.  A  hole  was  drilled  and  tapped  in  the  centre  for 
the  lock-screw  L.  The  parts  were  then  all  assembled  and  the 
hood  placed  within  K,  the  three  lugs  fitting  into  the  slots  P. 
The  locking-latch  H  was  swung  on,  and  the  plate  K  moved 
around  until  the  lock-pin  G,  which  was  equipped  with  a  light 
spring,  entered  one  of  the  T'^s.  The  lock -screw  L  was  then 
tightened,  and  the  work  was  held  fast.  The  jig  was  clamped  on 
the  table  of  the  two-spindle  drill -press  by  a  (7-clarap  at  each  end, 
and  the  hole  drilled  through  the 
bushing  into  the  work.  The  jig  was 
then  removed  and  a  stud  the  size  of 
the  hole  entered,  through  the  bush- 
ing Q,  into  the  hole  in  the  work. 
A  hole  was  then  drilled  at  R  and 
reamed  taper  through  the  slide  C 
into  the  back  at  A.  for  a  tool -steel  „,    ,,, 

'  Flo.  115. 

pin,  which,  when  inserted  through 

the  taper  holes,  located  the  work  central  with  the  bushing.  The 
slide  JV  was  then  slid  over  the  other  end  of  the  jig,  and,  when 
central  with  the  other  spindle,  it  was  held  there  and  drilled  and 
reamed  for  the  hole  R  lus  before. 

The  jig  was  now  ready  for  work,  and  it  was  set  upon  the 
drill-press  and  the  work  inserted.  The  taper-pin  was  then  put 
in  place,  and  the  first  hole  drilled;  then,  on  loosening  the  lock- 
screw  L,  the  disk  K  was  moved  around  to  the  next  notch,  the 
screw  tightened,  and  the  next  hole  drilled,  and  likewise  with 
the  other.  The  three  holes  being  drilled,  a  tapping  attachment 
was  inserted  in  the  other  spindle,  and  we  were  ready  to  go  ahead. 
The  slide  C  was  moved  over,  the  taper- pin  entered  into  JR,  and 
the  tapping  accomplished  by  operating  the  same  as  l)efore.  The 
hood  was  then  finished  and  removed  and  another  inserted.  The 
jig  was  easy  to  handle  and  the  work  was  accurately  finished. 
The  idea  of  drilling  and  tapping  in  one  operation  added  to  its 
usefulness  and  value. 
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A  NOVEL  DRILL-JIG. 

The  TOrk  to  be  drilled  by  the  jig  here  showD  waB  a  piece  of 
steel  \i  inches  loiig,  with  a  ^-inch  hole  reamed  through  the  cen- 
tre, and  there  were  sixteen  holes,  22-drill-gauge,  to  be  drilled 
as  shown  in   Fig.    116 ;   that  is,  entirely 
around    on    a  J-iDeh   piteh   helix.     Then 
there  were  three  holes  from  A  to  B,  Fig. 
116,  so  that  when  these  were  separated,  as 
shown  in  Fig.  118,  and  finished  on  a  milling 
rig,  they  would  form  two  perfectly  fitting 
cams,  which,  iu  a  friction-clutch  that  we 
were  makiug,  would  open  and  close  by 
the  aid  of  two  fingers,  not  shown.     Fig. 
*''°-  ""■  117  shows  the  jig  complete. 

A  is  the  table  of  the  drill-press ;  B  a  clamp,  showing  how  it 
was  secured  to  the  table;  C  the  body,  which  was  of  cast-irou, 
planed  on  the  bottom,  with  a  hole  through  it  for  the  shaft  E;  ■ 


9S° 
of; 


^°o. 


^s^^^ 


D  a  piece  of  flat  machine  steel,  1^  inches  wide  by  |-inch  thick, 
bent  in  the  way  shown  and  fastened  to  the  body  by  two  screws 
at  G  and  the  dowel-pius  II.  The  index-plate  J  wa-s  a  piece 
of  machine  steel  2^  inches  in  diameter,  with  sixteen   grooves 
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milled  in  it  to  admit  the  lock-pin  P,  and  to  square  the  holes 
evenly.  The  worm  I  was  of  iron,  cut  on  a  J-inch  pitch,  with  a 
cross-groove  at  O.  The  pin  R  was  driven  into  J)  and  fitted 
smoothly  the  worm  as  shown.  M  was  the  lever  for  raising  the 
lock-pin,  and  JV  the  spring  to  keep  it  in  the  groove  in  the  index- 
plate.  T  was  the  piece  to  be  drilled,  the  shaft  E 
being  turned  to  fit  the  |-iuch  reamed  hole,  and  the 
thread  cut  on  the  end  for  the  nut  S  to  keep  the  work 
in  place  for  the  drilling.  F  was  the  bushing,  to  fit  No. 
22  drill.  The  index-plate  was  turned  one  space  at  a 
time  and  the  pin  R  would,  in  the  course  of  sixteen 
|-inch  spaces,  cause  the  worm  J  to  make  one  complete  turn  on  the 
f-inch  pitch,  when  the  pin  L  would  be  in  line  with  the  first  of 
the  three  holes  K,  and  the  pin  R  in  line  with  the  slot  in  the 
worm  at  O.  The  pin  L  was  then  entered  with  the  first  hole,  then 
the  next  by  pulling  the  shaft  out,  and  then  the  last,  when  it 
could  be  easily  broken  apart,  the  holes  having  all  but  run  into 
each  other.  The  worm  and  index-plate  were  secured  by  set- 
screws,  as  shown. 

Four  different  sizes  of  cams  were  made,  |-inch,  |-inch, 
IJ-inch  and  IJ-inch,  respectively;  and  all  that  was  necessary 
to  alter  the  jigs  was  to  take  off  the  worm  and  index-plate  and 
replace  with  other  sizes. 


CHAPTER  VIIL 

Use  of  Milling-Machines  for  Modern    Tool-Making, 

Interchangeable  Manufacturing  and 

Jobbing-Shop  Work. 

THE  UTILITY  OF  MILLIXG-MACHINES. 

The  developmeut  of  precision  machine  tools  to  the  present 
high  state  of  efficiency  is  responsible  more  than  an>i:hing  else  for 
the  results  which  are  now  being  attained  in  the  making  of  tools 
and  fixtures  and  devices  for  interchangeable  manufacturing  and 
the  machining  of  repetition  machine  parts.  The  one  machine 
tool  which  has  contributed  more  than  all  others  to  the  attainment 
of  results  in  modern  tool-making  is  the  milling-machine — plain, 
universjil,  and  vertical. 

The  utility  of  millers  is  by  no  means  generally  known.  To 
a  remarkable  degree  they  are  considered  adapted  only  to  tool- 
room uses  or  in  making  duplicate  parts.  As  not  every  shop  or 
factory  has  need  for  a  strictly  tool-making  department,  or  turns 
out  interchangeable  work,  investigation  into  the  many  uses  for  a 
miller  in  finishing  ordinary,  as  well  as  special,  work  is  not  car- 
ried out  as  it  should  be.  That  they  are  capable,  with  attach- 
ments, of  performing  a  wider  range  of  work  in  jobbing-shops 
than  perhaps  any  other  machine  tool,  and  at  lower  cost,  is  a  fact 
that  is  now  attracting  the  attention  of  progressive  managers. 

A  well-designed  milling-machine,   properly  constructed,  is 

to-day  recognized  as  one  of  the  most  important  tools  in  every 

well-equipped  machine-shop.     Many  operations  heretofore  done 

on  a  planer  or  shaper  are  now  done  much  more  perfectly  and 

economically  on  a  milling-machine,  and  for  this  class  of  work 

the  use  of  end-  or  surface-mills  has  recently  come  into  general 

favor,  as  this  form  of  mill  will  remove  metal  very  rapidly  and 

leave  the  surface  in  good  condition. 
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The  horizoDtal-spindle  machines  in  the  plain  or  universal 
fomis  are  in  general  use  and  familiar  to  all ;  and  for  many  kinds 
of  work,  such  as  index- milling,  or  miUing  of  any  kind  where 
work  is  carried  on  centres  or  held  in  head  centre ;  making  irreg- 
ular or  form  cuts  requiring  the  use  of  a  series  of  cutters  held  on 
arbor  which  may  or  may  not  be  supported  by  outward-arm; 
slot-milling,  and  a  variety  of  operations  called  for  in  e\  ery-day 
practice,  these  machines  with  spindle  in  horizontal  position  meet 
all  the  requirements  and  are  most  convenient  and  effective. 

Special  machines,  such  as  the  Lincoln  and  modified  types  of 
this  class,  are  in  use  for  duplication  of  parts;  but  the  two  main 
types  heretofore  in  use  for  general  purposes  have  been  the  hori- 
zontal-spindle and  the  vertical-spindle  machines,  and,  as  stated, 
each  of  these  classes  have  their  decided  points  of  superiority. 

While  the  milling-machine  has  no  claim  to  antiquity,  the 
manner  in  which  it  has  been  adapted  and  used  for  all  chisses  of 
fine  work,  and  the  rapidity  with  which  it  is  becoming  understood, 
have  more  than  compensated  for  its  late  birth.  Although  the 
youngest  of  the  machine-tool  brood,  it  is  now  the  most  univer- 
sally used  one  and  can  well  be  placed  at  the  head  of  them  all. 
The  modern  tool-room,  where  claims  are  laid  to  doing  good  work, 
that  is  not  equipped  with  a  universal  milling-machine  is  to-day 
a  paradox  indeed.  Still,  notwithstanding  the  fact  that  nearly  all 
shops  have  such  machines,  their  use  and  manipulation  aie  not 
generally  understood;  that  is,  we  mean  that  the  large  and  wide 
range  of  work  possible  to  machine  on  them  is  not  appreciated 
by  mechanics  in  general. 

When  we  state  that  the  use  and  adaptation  of  the  milling- 
machine  are  not  underatood  as  they  should  be,  we  do  not  refer  to 
its  use  for  the  ordinary  classes  of  work,  but  to  special  work  such 
as  jigs,  tools,  dies,  and  iixtmes  for  the  machining  of  repetition 
machine  parts  and  also  for  economic  manufjicturing. 

As  one  writer  in  The  American  Machinist  hjus  aptly  said: 
"Of  all  the  machines  to  be  found  in  the  modern  tool-room  the 
universal-miller  stands  pre-eminent.  This  is  the  machine  of 
applied  geometry.  The  combinations  and  positions  obtained  by 
means  of  a  first-class  universal  are  almost  endless.  A  jig-body 
properly  set  up  in  a  universal  may  be  rot^ited,  swung,  twisted 
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around,  raised,  lowered,  ino^'ed  hiterally  or  crosswise,  set  to  any 
angle,  drilled,  bored,  reamed,  faced,  slotted,  profiled,  indexed, 
and  in  some  cases  completely  machined  and  made  reatly  for  tbe 
bashings  without  changing  the  original  setting.  There  isscarcely 
any  problem  in  jig-making,  no  matter  how  intricate,  that  cannot 
be  worked  out  on  a  nniversal  with  tbe  greatest  ease,  and  posi- 
tive distances,  angles,  and  arcs  in  every  direction  nrc  only  a  mat- 
ter of  correctly  reading  the  index-plates  or  wheels." 
IMPROVEMBSTS  IN  (CONSTRUCTION. 
During  tbe  past  few  yeai-s  great  improvements  have  been 
made  in  the  couHtructiou  of  uni\'ersal  milling-machines,  so  that 
now  they  are  adaptable  for  a  larger  variety  of  work  than  ever. 
As  incentives  to  the  fiirtber  improvements  of  such  machines, 
Iheir  use  has  been  largely  extended  and  tbeir  iulvantages  for  cer- 
tain classes  of  work  are  becoming  better  understood.  It  is  ap- 
parent that  tbe  constant  aim  of  the  designer  has  been  to  increase 
the  range  of  universal  milling-machines,  and  tbe  result  to-day  is 
that  they  are  used  for  a  variety  of  work  simply  astonishing.  Tbe 
attainment  of  these  results  can  directlybe  traced  to  specialization 
in  manufucturiug  and  to  the  employment  of  jigs,  fixtures,  and  spe- 
cial appliances  throughout  in  tbe  production  of  the  machines. 

USTVERSAl^  MILLINO-MACHIXEa. 
It  is  not  so  long  since  that  tbe  universal  milliug-machiue  was 
looked  upon  as  a  machine  useful  only  for  tool  work,  and  a  Jii-st- 
class  tool-maker  the  only  man  to  handle  it.  In  a  sense  it  was 
looked  upon  as  a  luxury  which  only  a  few  shops  could  enjoy. 
To-day  all  this  has  changed  and,  while  tbe  maehiue  is  used  for  a 
larger  and  better  variety  of  tool  work  than  ever,  it  is  in  tbe  pro- 
duction of  repetition  parts  that  its  great  value  has  become  ap- 
parent. Thus  this  tendency  to  the  universal  use  of  the  machines 
baa  given  more  and  better  work  to  the  skilled  tool-maker;  for 
where  lai^  quantities  of  parts  are  to  Iw  milled,  a  special  jig, 
fixture,  or  a  de\'ice  of  some  sort  is,  of  course,  necessary,  in  order 
that  tbe  cost  of  producing  the  parts  may  be  reduced  to  the  mini- 
mum. There  are  any  variety  of  parts  which  can  be  rapidly  and 
accurately  machined  by  simple  indexing  or  ligbt-ebuckiug  de- 
vices on  these  machines;  and  as  the  economy  in  tbe  production 
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of  even  a  small  number  of  parts  machined  by  their  use  usually 
more  than  pays  for  the  cost  of  the  fixtures  there  is  no  good  ex- 
cuse for  their  non -adoption. 

To-day  the  proprietor  of  any  machine,  tool,  or  die  manufac- 
turing establishment  who  wishes  to  do  everything  possible  to  as- 
sure success  must  see  first  that  his  tool-room  equipment  is  as 
complete  as  the  demands  of  his  specialty  necessitate.  He  should 
also  start  out  to  do  this  with  the  conviction  that  it  will  not  prove 
merely  an  additional  item  of  expense,  but,  on  the  contrary',  a  de- 
partment which  will  tend  to  increase  the  efficiency  of  his  product. 
While  the  first  cost  of  an  up-to-date  tool-room  equipment  is 
sometimes  staggering  to  the  person  who  pays  the  bills,  the  knowl- 
edge that  through  it  he  will  be  able  to  more  than  balance  the 
expenditure  in  a  very  short  time  should  set  his  mind  at  ease. 

The  universal  milling  machines  now  on  the  market  have  been 
designed  and  built  to  meet  all  requirements  of  tool-making  and 
manufacturing,  while  the  attachments  which  may  be  used  with  the 
machines  make  the  doing  of  a  special  or  an  intricate  job  an  easy 
matter.  With  the  attachments  now  in  use  on  the  universal  miller 
for  rotary-milling,  cam-cutting,  rack-cutting,  vertical-milling, 
under-cutting  large  gears,  and  a  variety  of  other  classes  of  work 
too  numerous  to  mention,  the  making  of  tools  of  unusual  accuracy, 
as  well  as  the  modern  manufacturing  of  machine  parts,  can  be 
carried  on  without  trouble  or  worry  on  the  part  of  the  mechanic. 

"KNEE  TYPE''  OF   UNIVERSAL   MILLING-MACHINES. 

WTiile  fully  appreciating  the  value  and  adaptability  under 
certain  conditions  of  the  **  Lincoln,"  **Slab, ^'  and  ** Rotary 
Planer''  types  of  milling-machines,  I  devote  the  space  at  my 
command  herein  to  the  **Knee  Type"  exclusively.  This  type 
of  milling-machine,  on  account  of  its  wide  range  of  work,  hai» 
been  adapted  for  tool,  die,  experimental,  and  fine  machine 
work  all  over  the  world ;  and  therefore,  as  the  demand  for  this 
type  of  milling-mjicliine  has  exceeded  that  for  all  other  types 
combined,  the  tendency  among  the  manufacturei'S  of  such  ma- 
chines has  been  to  increase  their  range  and  to  make  them  uni- 
versal in  every  sense  of  the  term. 

The  knee-type  milling-machine  is  among  the  latest  additions 


124  TOOL-MAKING  AND 

to  the  machine-tool  family ;  but  it  has  taken  its  place  in  thou- 
sands of  progressive  shops,  where  it  is  used  to  the  best  advan- 
tage as  far  as  the  knowledge  of  the  art  has  progressed  at  this 
date,  although  there  yet  remain  many  shops  where  its  advantages 
are  not  understood,  and  work  is  being  done  on  other  machines, 
or  by  hand,  when  it  could  be  done  on  a  milling-machine  at  a 
great  saving  in  cost,  if  a  little  thought  were  given  to  the  proi)er 
cutters  and  equipment. 

The  knee-type  universal  milling-machine  will  do  a  greater 
variety  of  work  than  any  other  machine  tool,  and  a  small  expew- 
mental  shop  that  can  have  only  one  machine  will  be  best  equipped 
with  a  machine  of  this  class. 

MILLING-MACHINES  COMPAEED   WITH  OTHER 

MACHINE-TOOLS. 

Any  work  that  can  be  done  on  the  face-plate  or  in  the  chuck 
of  a  lathe  can  be  done  in  a  milling-machine  by  holding  an  ordi- 
nary lathe-tool  in  the  swivel-vise.  A  pair  of  bevel-gears,  for 
instance,  can  be  bored,  turned  on  the  angles,  teeth  cut,  and  the 
gears  finished  complete  without  ever  having  been  near  a  lathe. 
A  steam-  or  gas-engine  cylinder  can  be  bored,  faced,  and  finished 
complete,  and  the  fly-wheel  bored  and  turned  in  the  same  ma- 
chine. 

What  a  trying  thing  it  is  to  see  a  machinist  work  up  a  num- 
ber of  parts  on  a  shaper  or  planer  and  then  see  another  spend 
a  day  or  two  filing  and  fitting  to  make  them  go  together,  while  it 
takes  a  helper  five  minutes  to  mix  them  up  and  another  machin- 
ist a  long  time  to  sort  them  out  and  assemble  in  their  proper 
places. 

By  way  of  contrast,  a  boy  could  have  made  them  absolutely 
interchangeable  in  the  milling-machine,  and  they  could  have 
been  drawn  at  random  from  the  stock-room  and  assembled  with- 
out filing,  fitting,  or  loss  of  time. 

Formerly  it  was  supposed  that  a  milling-machine  in  the  tool- 
room constituted  a  full  equipment  in  this  line  of  machinery,  but 
lately  it  is  becoming  known  that  improvements  have  been  made 
greatly  increasing  the  power  of  the  spindle  and  feed,  as  well  as 
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aHdiiig  iDnamerable  conveuieiuvs.  suoh  as  all  uutoniatio  tVvtls 
canstmcted.^  as  to  be  quickly  chan^ie^l  I'nmi  om^  u^  tln^  l^ller« 
and  at  the  same  time  being  iiu]K>s>ible  lor  any  two  to  oiipi^''  at 
ODce.  The  kiiee  beiug  U^x  sei'tioiu  i^ist  without  hole  thrxni^h 
the  top.  gives  the  work-table  sutlioieiit  rigidity  to  enable  it  to 
carry  much  larger  work  without  chatter  than  wouKl  Iv  )H^e^ible 
with  the  old-style  construetiou.  and  make  many  maniifactiiriu^ 
operations  not  only  jKissible,  but  economi«U. 

An  equipment  for  the  rapid  production  of  tinished  work  i>u  a 
milling-machine  can  be  elsissified  under  threi^  heads. 

First:  Strong,  accurate  machine  with  ample  niiige  and  t*;4sy 
adjustments. 

Second:  Suitable  fixtures  for  holding  the  work  where  the 
pieces  are  large  or  complioateil  so  that  they  cannot  Ik*  held  in  a 
vise  or  easily  clampetl  to  the  table — <  it  takt^  skill  to  lay  ottt  and 
block  up  work  on  any  machine).  A  suitable  tixttire  nuikt^  it 
X>066ible  to  tise  less  skilled  workmen. 

Third:  Well-designed  cutters,  and  a  gooil  cutter-grinder  to 
keep  them  sharp. 

THE  MILLING-MACHINE  IN   THE  TlX>lr-IUH>M. 

The  fate  of  many  a  manufacturing  comH>rn  rt^sts  with  its  tm>l- 
room,  for  here  are  productHl  the  jigs,  dies,  fixturt^s,  iM^ring-timls, 
reamers,  etc.,  suitable  for  the  siK^cialties  manufacturiHl. 

Do  not  consider  it  a  necessary  evil  l)ecaust»  it  is  classtnl  as 
non-productive,  for  it  is  the  equii)ment  of  wei  I -designed,  well- 
made  tools  that  enables  machine  t(K)ls,  standanl  and  s|KHMal,  to 
come  up  to  their  highest  efficiency,  and  place  the  factory  in  the 
fore-front. 

The  machine-tool  equipment  shonld  be  all  that  would  Ik*  iv- 
quired  to  make  a  eonii)lete  high-class  small  machine-shop,  and 
the  tool-making  should  1h»  conJined  to  it  as  far  as  ptwsible  rather 
than  break  tip  machines  engaged  in  manulactnring. 

M1LL1X(;    AN    AN(;LI:  PLATE. 

Here  the  luii versa  1  iiiilliiig-niachint'  is  at  home,  i)rovi<h'd  it 
is  a  first-class  machine  and  cqui])))c(l  with  vcrtical-spindlc  and 
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rack -cutting  attacbm«ut.  A  machine  of  this  kind  will  liave  the 
greatest  possible  accuracy,  convenience,  and  range,  and  will  be 
found  adapted  to  every  variety  of  toolroom  work.  A  long  auto- 
matic cross-rauge  on  a  miller  is  also  desirable,  as  it  makes  it  an 
excellent  tool  for  accurate  jig-boring.  Fig.  119  sliows  an  angle- 
plate  used  on  tJie  face-plate  of  an  engiue-latbe  for  accurately 
boring  a  complicated  piece  that  has  two  holes  at  right  angles  to 
each  other.  The  angle-plate  was  first  milled  on  tbe  edge  in 
order  to   provide  a  suri'ace  that  would  set  square  on  the  work- 


table.  The  hole  on  the  back  for  the  lathe-spindle  plug  was  first 
bored,  and  the  plate  shifted  to  the  position  shown.  It  is  obvi- 
ous that  these  two  holes  will  be  exactly  the  same  height  from  the 
edge  of  tlie  plate,  and  the  work  when  placed  upon  it  will  be  in 
line  with  the  lathe-spindle.  If  the  pie<!e  had  been  a  box-jig,  a 
long  boring-biir  would  have  been  tised  and  the  outer  eiul  sup- 
ported in  the  overhanging  arm.  Usually  it  is  belter  to  make 
boring-bare  to  fit  in  the  taper  hole  iu  the  spindle,  as  the  chuck 
takes  lip  some  room.  The  chuck  metho<1,  however,  is  \ery  con- 
venient, as  tbe  boring-tool  need  be  only  a  straight  piece. 
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CmCULAK  JIG-JIAKING  OS  THE  MILLER. 

It  often  happens  that  an  accurate  circular-jig  is  required  bo 
that  the  two  pieces  drilled  will  fit  without  matching  holes.  This 
can  be  quickly  done,  as  Bhovn  iu  Fig.  120.    Xote  that  the  divid- 


ing-bead has  crois-slot  aud  side-ears  so  that  blocking  and  strap- 
ping are  unnecessary,  and  the  large  dividiug-wheel  insures 
accuracy. 

VEBTICAL-SPINDLB  MILLINQ-MACHTNES. 

In  establishraeuts  wlicre  lar^e  iiuiiitwrs  of  machines,  appli- 
ances, and  parts  of  standard  shajxt  are  produced,  the  chief  desire 
la  the  increasing  of  the  daily  output  without  increasing  the  labor 
cost.  This  (lesiif.  ciiu  only  bet  gratified  satisfactorily  by  using 
machiuen  which  can  be  kept  constantly  producing  ]>ai'ts  of  the 
Bame  shape  aud  si/c.  It  is  in  shops  of  this  class  that  the  vcrtical- 
Bpindle  inilling-iiiacliino  can  l>ti  used  to  the  Ix^t  advanlagc  for  all 
work  that  can  \m-  iirmhiccd  woimmii-ally  by  vertical  niiliiiig. 

As  much  time,  skill,  and  money  have  iHK-n  ex|ion<ltil  in  the 
development  of  this  lypc  of  iniller,  the  a<lvaiitageH  to  Ih-  gained 
through  its  use  nr\'  nunicrons,  aud  ara  now  alniosl  univcrsiilly 
recognized  where  ecuniuiiie  production  is  imitei-ative.  The  util- 
ity of  verticid  niillers  for  niachiuing  surfaces  and  parts,  once 
only  thought  pcBwible  to  do  on  the  lathe  or  nu  the  planer,  is 
steadily  prt^n^ssing,  as  the  degree  of  precision  to  which  the 
machine  has  Imm«u  dcvelo)ied,  namely,  perinaneiicy  of  aliguincnt 
of  the  spindle  with  the  platen,  makes  the  prodiietioii  of  accu- 
rate and  intricate  j)arts  by  its  use  assui'cd. 
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DOUBT   AS  TO  THE   UTILITY  OF  MILLING- 
MACHINES. 

To  those  who  are  in  doubt  about  the  utility  of  milling-ma- 
chines— plain,  universal,  vertical,  and  those  in  combination  with 
other  machines — for  modern  manufacturing,  tool-making,  and 
machine-jobbing,  a  trip  of  insi)ection  through  the  establishments 
devoted  to  their  production  would  convince  them;  as  in  such 
shops  they  "  practise  what  they  preach ''  and  have  adopted  their 
own  machines  for  the  rapid  and  accurate  production  of  parts  of 
machines  of  the  same  kihd  with  the  most  gratifying  results,  the 
machines  being  used  to  the  exclusion  of  all  other  machine  tools 
on  all  jobs  permissible.  Thus  in  those  shops  the  milling-ma- 
chine is  practically  self-producing,  and  stands  to-day  a  monu- 
ment to  the  ingenuity  and  skill  of  those  men  who  conceived  it 
and  developed  it  to  its  present  liigh  state  of  perfection. 


CHAPTER  IX. 

Simple  Milling  Fixtures. 


SIX  DISTINCT  TY1>I0S   OF  SIMPLE  MILLING 

FixTi;inx 

Hatincj  ill  pi-ecedinj?  fhaplors  descrilMHl  various  tj'i>es  of 
fixtures  aud  t(H)ls  suited  lor  marliiuing  diiVereiit  grades  of  dupli- 
cate work  by  drilling,  I  will  now  turn  iny  attenti4>n  to  milling 
fixtuivs:  and  will  devote  this  (•liaj)ter  to  tlios^*  adapted  for 
mac*liiuing  the  simpler  grades  of  work  in  whieh  no  great  iwcu- 
rjwy  is  iv<iuire<l,  but  wliicli,  at  tlu»  same  time,  it  is  utres*<iry  to 
pnKluee  to  a  certain  degree  of  interehangeability. 

In  the  eonstruetion  of  tools  and  lixtures  for  the  maeliiniug 
and  du])lieation  of  interehangeal»le  maehine  parts  by  milling,  a 
uumb4*r  of  obstaeliv^  must  l)e  ovcMcome  tiiat  are  not  met  with  in 
the  fixtur4's  an<l  Jigs  (U*seri!>ed  in  jn't»eeding  (chapters.  Tliere  tu^e 
also,  of  eours<%  a  numlM'r  of  praetieal  points  in  their  design  and 
eonstruetion  whieh  are  absoluti'ly  esstMitial  to  their  sueeessful 
operation:  the  eomlitions  UHdei*  whi4'h  tlK'y  are  o]>enited  iKMUg 
totally  ditlenMit  from  thos<*  under  whieh  drilling- jigs  and  lixtures 
an*  used.  It  <h)«'s  not  require  as  high-grade  skill  to  eonstruet 
fixtures  for  accurate  milling  as  tor  accurate  drilling,  yet  tlie 
designing  of  these  lixtures  entails  eonsiderably 
nioiv  thought  aM<l  i>ra<*tical  ability,  to  give 
Batisfactorv  results. 

« 

In  Figs.  ILM,  1L»-J,  and  TJ.J,  are  illustrated 
three  s;imples  of  \\»nk  milh'd  by  tlh'  use  of  in- 
expensive fixtures  ^vhieh  may  Im'  ajitly  termed 
^'enu*r":en<'V  Jixtun's. '^  Thr  lixtures  arr  shown 
inl*Jt,  12."».  and  1L*<I.  Tih'(h*>ign  and  metlMul  (►f  couMrm'tion  are 
very  simph*,  and  :ir<'  clrarU' shown  in  the  illustrations.  Th<*  lixt- 
lire  for  milling  the  xjuarr  rhannrl  :it  Ji   />,    l-'ig.  llM.  is  >ihown  in 
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Fig.  124.  It  consists  of  a  square  plate  L,  of  |-inci»  flat  machine- 
Bteel,  fluished  all  over;  of  the  central  locatiug-8tu(i  J  screwed 
tightly  iiito  the  centre  of  the  plate ;  of  the 
end  locating-pin  A',  and  of  the  two  dowel- 
pins  //  which  coincide  with  two  holes 
drilled  and  learned  to  size  in  one  of  the 
Bteel  jaws  of  the  miller-vise.  The  diauuel 
L  is  used  as  a  guide  for  the  cutter,  and  also 
as  a  gauge  for  the  depth  and  loeatioii  of 
the  cut  in  the  work.  This  fixtnre  is  located 
ou  the  inside  of  the  vise-jaw  hy  the  dowels 
1 1,  and  the  stud  J  1b  entered  into  the  reamed 
hole  j1  of  the  work,  and  one  side  of  the  rough- 
cast chaunel  B  set  against  the  locating-piii  K 
as  shown.  The  vise  is  then  closed  and  tight- 
ened against  the  work,  and  the  cutter  is  set  ^''-  ^^ 

to  enter  the  guide-channel  L  of  the  fixture,  so 
H  ^*      that  it  will  just  touch  the  hotloui  of  it.    Oue  end 

I  ri  r  ^  ^  M  y^  (,f  (;[,(,  ^-oi-k  114  )]|p,i  lujliod;  then  the  w<nk  is 
reversed  on  the  fixture,  so  tliat  tlie  finished 
channel  will  locate  against  the  stop-pin  K,  and 
the  other  end  is  finislie<l. 

The  other  two  fixtures  shown  in  Figs.  12.'> 
and  12G,uro  also  constructed  to  locate  on  the 
stationary  jaw  of  the  miller- 
vise.  That  shown  in  Fig.  125 
is  relatively  the  siiute  a.s  the  first,  <^xcept  that 
no  stop-piu  is  requii-ed — the  work.  Fig.  122, 
being  round  and  having  hut  one  slot,  />, 
milled  in  the  position  sliown.  The  liubs  of 
the  work  are  fat-eii  and  the  hole  C  is  ri'annti 
to  si/e,  the  outside  being  finished  to  a  given 
diameter  in  the  lathe  iK'foi-e  milling.  Fig. 
12fi  shows  a  iixtuii!  used  for  milling  the 
channel  in  the  face  of  Fig.  123.     The  two  si-i-  '''"*  '"'' 

tions  aii^  of  cast-ii-ou.  ITie  largest  one.  y.  has  a  raised  piojcc- 
tioii  at  lint- end,  with  a  (^uidc-etiannel  /.'  luilleil  ccnti-:!!  with  Ihe 
y  on  the  face.     S  S  are  the  two  vise  jaw-dowels,  and   T  Ihe 
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sideway  locating- pin  for  the  work.  Botli  these  fixtures  are 
oiierated  in  the  samo  luanuer  its  timt  sliowu  in  Fig.  VH,  and 
are  adaptable  for  luilliiig  a  large  variety  of  smalt  machine  i>art« 
that  are  not  required  in  lart;e  quantities,  or  in  which  a  given 
limit  of  error  is  allowed,  thus  necessitating  tlie  utmost  economy 
in  the  exijense  of  the  fixtures  for  tlieir  duplieation.  The  efficiency 
and  pnictical  value  of  these?  three  fixtures  are  at  oikv  npparent. 

FIXTURES   F(JU   MILM-XG   A   BK-VRlNfi   IX  A 
lUEACKKT. 


A  plan  and  a  siile  view  of   a  ximple  fixture  that  can  l>o 
adapted  for  »Mld-sliai»ed  castings   are  illustnited   in    Fig.   Ili7. 
This  lixtnre  is  used  for  milling  the  iH-aring  and  ca|)-surface  of 
the   bi-su'kel.    Figs.    Il'.S   anil 
12H.  to  the  sha|>e  shown  at  Y 
andZZivspielively,  tiieiwar- 
ing  riming  milled  to  iiu  ex- 
act half-cin-le  of   the    i-jidius 
reqniri'tl,    so   as    td   confoiin 
with  its  duplic!il>-  in  llii'  cap. 
This  is  nftervv;inl  fasteiied  to 
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DOUBT  AS  TO  THE   UTILITY  OF  MILLING- 
MACHINES. 

To  those  who  are  in  doubt  about  the  utility  of  milling-ma- 
chines— plain,  universal,  veilical,  and  those  in  combination  with 
other  machines — for  modern  manufacturing,  tool-making,  and 
machine-jobbing,  a  trip  of  inspection  through  the  establishments 
devoted  to  their  production  would  convince  them;  as  in  such 
shops  they  "  practise  what  they  preach  '^  and  have  adopted  their 
own  machines  for  the  rapid  and  accurate  production  of  parts  of 
machines  of  the  same  kihd  with  the  most  gratifying  results,  the 
machines  being  used  to  the  exclusion  of  all  other  machine  tools 
on  all  jobs  permissible.  Thus  in  those  shops  the  milling-ma- 
chine is  practically  self -producing,  and  stands  to-day  a  monu- 
ment to  the  ingenuity  and  skill  of  those  men  who  conceived  it 
and  develoi)ed  it  to  its  present  high  state  of  perfection. 


CHAPTER  IX. 

Simple  Milling  Fixtures. 


SIX  DISTINCT   TYPRS   OF   SDIPLE  MILLING 

FIXTUKES. 

Havincj  in  pixH'tHlin*:;  i-liaptci-s  tlosi'iibiMl  various  types  of 
fixtiiivs  aiul  t(K»ls  suiU»(l  for  inacliiniii^  ilirtV^reiit  pennies  of  dupli- 
cate work  by  drilling,  I  will  now  turn  my  attention  to  milling 
fixtuivs;  and  will  devote  tliis  ehai)ter  to  thos<»  adai>ted  for 
iiinchinin^  the  siinj)lrr  grades  of  work  in  wbieh  no  tjjivat  iieeu- 
raey  is  n'<iuirrd,  but  wliicb.  at  the  same  time,  it  is  neit^ssjiry  to 
proiluei*  to  a  errtain  de^rnn*  of  interelian^eability. 

In  the  eonstrnetion  <if  tools  and  tixtures  for  tlie  maehining 
and  dn]»lieation  of  intrrchanp'althMnaehine  parts  by  milling,  a 
uumlH»r  of  obstacles  must  1k»  overnune  tiiat  an'  not  met  with  in 
the  fixtures  an<l  1i;::s  drseribrd  in  i»nMMM]inj^^  ehaptei's.  Then*  iuv 
also,  of  eours<\  a  nuinlM'i- of  j)iaelieal  poiuts  in  thrir  design  and 
eonstrnetion  wliirii  ar**  abs*»lutc»ly  essiMitial  to  their  sueet*ssful 
0|K»ration:  tlie  <'i>ndiii«nis  uHd«*r  whirh  they  are  ojMMiited  lK*ing 
totally  <litlrrrnt  from  thos<»  und«'rwhi4'h  drilling-jigs  and  fixtures 
are  us<mI.  It  dors  n*>t  rtM|uire  as  high-grade  skill  Xo  eonstruet 
fixtures  for  acM'urale  milling  as  tor  aeeui-ate  drilling,  yet  the 
designing  of  these  lixtun*s  entails  ^-onsiilerably 
more  thon;:ht  aiMl  j)i'aetieal  ability,  to  give 
satisfactorv  results. 

In  Figs.  VJ1.  rjL\  and  TJ.'J,  are  illustrated 
three  sjimplesof  wmk  milled  by  the  use  of  iii- 
expensi\e  llMnies  which  may  1m'  aptly  teruh-d 
'*emei'i:enev  li\tiii'e>. '■  TIk'  fixtures  ai"4' shown 
in  12t,  IL*.*),  and  \'2i\.  The  design  and  metlnxl  iif  eonstrnetion  ai*e 
verv  simple,  and  aic  eleariv  slu^wn  in  the  illustral  ions.  The  lixt- 
ure  for  millini:  tlir  >«|uare  tliannel  at  Jl  />,    Fig.  llM,  is  sln^wn  iu 
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DOUBT   AS  TO  THE   UTILITY   OF  MILLING- 
MACHINES. 

To  those  who  are  in  doubt  about  the  utility  of  milling-ma- 
chines— plain,  universal,  vertical,  and  those  in  combination  with 
other  machines — for  modern  manufacturing,  tool-making,  and 
machine-jobbing,  a  trip  of  inspection  through  the  establishments 
devoted  to  their  production  would  convince  them;  as  in  such 
shops  they  "  practise  what  they  preach ''  and  have  adopted  their 
own  machines  for  the  rapid  and  accurate  production  of  parts  of 
machines  of  the  same  kihd  with  the  most  gratifying  results,  the 
machines  being  used  to  the  exclusion  of  all  other  machine  tools 
on  all  jobs  permissible.  Thus  in  those  shops  the  milling-ma- 
chine is  practically  self -producing,  and  stands  to-day  a  monu- 
ment to  the  ingenuity  and  skill  of  those  men  who  conceived  it 
and  developed  it  to  its  present  high  state  of  perfection. 


CHAPTER  IX. 

Simple  Milling  Fixtures. 

SIX   DISTINCT   TYPKS   OF   SIMPLE   MILLING 

FIXTURES. 


Haying  in  ])rectHlinf:  chiiptors  descrilxHl  various  tj^i)es  of 
fixtni"es  and  t<x>ls  snilnl  for  niacliining  tlillerent  grades  of  dupli- 
cate work  by  drillinjr,  I  will  now  turn  my  attentitHi  to  milling 
fixtui-es;  and  will  dev(»te  this  chapter  to  those  adapted  for 
maehining  tlie  simpler  grades  of  work  in  whieli  no  great  accu- 
raey  is  iv(|uired,  l)nt  which,  at  the  same  time,  it  is  necessaiy  to 
jiriMhice  to  a  certain  degre<^  of  inlereliaiigeability. 

In  the  construction  of  tools  and  tixtures  for  the  maehining 
and  dn])lication  of  interchangeable  machine  ])arts  1>y  milling,  a 
uundhM*  of  ol)stacles  must  l>e  oven*onu»  that  are  not  met  with  in 
the  fixtures  and  jigs  described  in  i>receding  chapters.  There  ait^ 
also,  of  conrs*',  a  numbn*  of  i>racti<'al  points  in  their  design  and 
construction  which  are  absolutely  essi^ntial  to  their  successful 
operation:  the  conditions  uH<h»r  which  they  are  openited  lK*ing 
totally  dillVrent  from  thos<»  under  which  drilling- jigs  and  fixtures 
are  us«m1.  It  <1(M's  not  re<[uiie  as  high-grade  skill  to  construct 
fixtures  lor  accurat<'  milling  as  for  accurati*  drilling,  yet  the 
designing  of  th<»se  tixtures  entails  considerably 
more  thonght  :in4l  iua<*tical  ability,  to  give 
witisfactorv  rcsnlts. 

In  Figs.  ILM,  rjL»,  iuu\  rJ.S,  are  illustrated 
three  Siimi>lesof  work  mille<l  by  the  use  of  in- 
expt»nsive  lixt nres  which  miiy  be  aptly  tcriniMl 
^'emergency  lixtnrrs. -'  Tin*  lixtnn'sar*'  shown 
in  124,  V2't,  :mi«1  iLNi.  The  design  and  method  of  const ructi«>n  ai-e 
verv  siini)h',  and  arc  clrailv  shown  in  the  illustrations.  The  lixt- 
ure  for  milling  tin*  npiarr  rhannrl  at  Ji  ./>,   Fig.  TJl.  is  shown  in 
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DOUBT   AS  TO  THE  UTILITY  OF  MILLING- 

MACHINES. 

To  those  who  are  in  doubt  about  the  utility  of  milling-ma- 
chines— plain,  universal,  vertical,  and  those  in  combination  with 
other  machines — for  modern  manufacturing,  tool -making,  and 
machine-jobbing,  a  trip  of  inspection  through  the  establishments 
devoted  to  their  production  would  convince  them;  as  in  such 
shops  they  "  practise  what  they  preach ''  and  have  adopted  their 
own  machines  for  the  rapid  and  ivccurate  production  of  parts  of 
machines  of  the  same  kihd  with  the  most  gratifying  results,  the 
machines  being  used  to  the  exclusion  of  all  other  mac*.hine  tools 
on  all  jobs  permissible.  Thus  in  those  shops  the  milling-ma- 
chine is  practically  self-producing,  and  stands  to-day  a  monu- 
ment to  the  ingenuity  and  skill  of  those  men  who  conceived  it 
and  develoi)ed  it  to  its  present  high  state  of  perfection. 


CHAPTER  IX. 

Simple  Milling  Fixtures. 


SIX  DISTINCT   TYl>i:s   OF   SIMPLE  BULLING 

FIXTUliES. 

Havinx;  ill  prectHlinj]^  chaptcM-s  dcscrilxHl  various  tyi)es  of 
fixtmvs  iiiul  t(H)Ls  suited  lor  niiieliinin^  different  gnides  of  dupli- 
cate work  by  drilling,  I  will  now  turn  my  attention  to  milling 
fixtures;  and  will  devote  lliis  chapter  to  thos(^  adapted  for 
maehiniug  the  simph-r  grades  of  work  in  whieh  no  great  aeeu- 
nu'y  is  ivquired,  but  whicli,  at  the  sanie  tinu*,  it  is  neeessjiry  to 
prmluee  to  a  eertain  d<»gree  of  interehangeability. 

In  th<*  eoustruction  of  tools  and  tixtures  for  the  nuiehiuing 
aud  duplication  4)f  interchangeabh^  machine  ])arts  by  milling,  a 
uumber  of  obstacles  must  be  (jvercome  that  are  not  met  with  iu 
the  fixtuies  and  jigs(h*scrilH'd  iu  pi«M*eding  chai)tei's.  There  JU'e 
also,  of  cours<\  a  numlM»r  of  practical  points  in  their  design  and 
construction  which  arc  absolut«»ly  essiMitial  to  their  successful 
operation;  the  conditions  UMd«'r  which  they  are  operated  Inking 
totally  different  from  thos<»  under  which  drilling-Jigs  and  fixtures 
are  us«.'d.  It  does  n(»t  rtHpiire  as  liigh-grad**  skill  to  construct 
fixtures  for  a<*curat<»  milling  as  for  a<'curate  drilling,  yet  the 
designing  of  thes«»  lixtures  entails  consi<hM';ibly 
more  thought  and  ]>]'actical  ability,  to  give 
Ratisfactorv  results. 

« 

In  Figs.  121,  rjl>,  and  12:;,  arc  illustrated 
three  sivm])lesof  w*>rk  milh*<l  by  the  use  of  in- 
expensive fixtures  which  may  1m'  aptly  termrd 
^'emergency  lixtures.''  Th*>  lixtur«'S  ai<'  shown 
in  121,  125,  and  120.  The  design  and  methotl  of  <'onstructi<Hi  are 
very  simple,  and  ai<'  clrarlv  shown  in  the  illnstration>.  The  iixt- 
ure  for  milling  thr  sijuai'c  channel  al  Ji  ./>,   Fig.  121,  is  shown  iu 


138 


TOOL-MAKING  AND 


to  the  best  advantage;  second,  the  manner  of  piH^senting  the 
work  to  the  cutters,  and,  lastly,  the  most  expeditious  and  relia- 
ble means  for  locating  and  holding  the  work  rigidly  while  being 
milled. 

FIXTUKE  FOR  USE  IX  GANG-MILLING. 


A  type  of  fixture  used  extensively  for  gang-milling,  where 
wide  surfaces  or  a  number  of  depi-essions  are  to  1)0  milled  in  the 
face  of  castings  that  have  not  been  previously  machined,  is  shown 
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in  Figs.  135  and  13(>.  Althongh  of  the  simplest  construction,  it 
represents  a  useful  tyi)e  of  milling  fixture  for  the  milling  of  a 
large  variety  of  work  that  it  would  be  difficult  to  macliine  rap- 
idly by  anj''  other  means.     This  fixture  is  used  for  the  milling  of 


Fi«.  i:r. 


the  type  of  casting  shown  at  IT,  Fig.  137,  which  consists  of  four 
channels  i/ // i/ 7/  in  the  face,  and  of  the  sqnare  channel  /  in 
one  end;  reqniring  two  si»parate  operations;  both  being  accom- 
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plishcd  on  tlie  mw  li\lim>.  Fin-  135  shows  a  set-tiou  of  llie 
pliui  and  sicio  view,  iiiiil  also  an  cmi  view  of  tliiu  fixture  wliieli 
baudlc<l  eigUt  Ciustiiigs  ut  oiioe.  It  eousists  of  one  \nrffi  casting  M 
having  two  balf  roiiiid  ck'j)ii>s.sions  niiniiiig  down  its  entire 
length  iLS  L-leaniiice  for  the  jirnjeetioiis  ou  the  hiu-k  of  the  work. 
The  top  iu  planetl  tnie  with  the  iKise  oa  a  sipiaring  surface  fur 
the  work,  and  ends  in  a  stinaiv  shoulder  nt  ^'for  the  work  to 
locate  against.  The  wmk  iw  held  in  pof^itiun  by  clamps  at  R  R 
«o  placwlns  to  clamp  two  iiistings,  iis  shown  ati*  J*.  The  holes 
for  the  holts  are  eonnteilK)i-ed  at  the  Ixick  to  allow  the  heads  to 
clear  the  millei-tahle,  as  at  T  X  in  the  side  view,  Fig.  135.  The 
TTork  is  fastened  as  slnjwn,  und  the  siiuart- channel  in  the  end  ie 
luilled.  Wlien  all  the  eastings  have  gone  through  this  oiH'ration, 
the  fonr  channels  are  finished  hy  ivhM-ating  and  fastening  the 
work  to  the  fixture  and  si-tting  a  gang  of  mills.  The  cross-slide 
of  the  miller-tahle  is  then  elani]>ed.  thede])lh  of  the  cat  m(t,  and 
the  castings  finished. 

FrxTiKK  rsi-:i)  i.\  fack-millixc. 

Another  type  of  simple  milling-fixture  is  shown  in  the  two 
views  of  Fig.  13S.     Although  somewhat  similar  to  that  shown  in 
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V  of  castings  like  Fig.  139.  This  existing  is  first  set  up  on  the 
planer  and  the  dovetailed  slide-snrfaees  U  U  are  planed  to 
gsiuge.  The  fixtiu-e  is  constructed  to  handle  two  castings  at 
once,  they  being  loi'ated  side  wise  by  forcing  the  side  of  one  of 
the  dovetailed  surfaces  Z  against  the  angular-faced  locating-lugs 
-Y  A'  X  X  as  shown,  and  endwise  against  the  sciuai-ed  and 
faced  projections  Y  Y  at  the  back.  The  castings  are  held  in  po- 
sition by  two  clamps  each,  as  at  C  C  C  C,  and  the  heads  of  the 
bolts  are  let  into  the  base,  as  at  A  A  in  the  side  view.  The  ends 
of  the  ca^stings  are  faced  by  a  large  cutter-holder,  with  self-hard- 


ening  steel  cutters  set  into  the  rim,  so  that  a  roughing  and  linish- 
ing  cut  can  1x5  taken  at  the  sjime  time.  When  oiu*  end  of  the 
casting  has  been  faced,  they  are  reversed,  relocated,  and  the 
other  ends  are  fa<*ed. 

When  tlu^  large  variety  of  machine  parts,  both  small  and 
large,  which  can  Ik»  machined  in  exact  duplication  of  each  other 
by  the  us(>  of  just  such  simple  and  inexpensive  fixtures  as  are 
here  shown  is  considered,  it  is  surprising  that  tiiese  methods  of 
manufacture  had  not  been  adopte<l  mon^  (extensively.  I>y  this 
wi»  mean  in  the  small  shop;  for  in  the  large  shoi)s,  unless  the 
machines  or  ai)])liances  are  manufactured  under  ])atents,  it  is 
abs4>lutely  n(»cessary  to  manufacture  by  the  interchangeable  sys- 
tem in  order  to  meet  competition. 


CHAPTER  X. 

Milling-Fixtures  for  Accurate  Work. 

FACTOJiS    IN    THE    SrCVIXSKI'L    USE  OF   ACCTTRATE 

:\I  I  LLIX(  J-FI XTU  KES. 

We  arc*  now  iil)Oiit  to  taki*  up  a  class  of  inillin^-fixtuix>s  of  a 
different  type  from  tliosi*  desorilKHl  in  tlie  pnM*<»ding  chapter,  in 
that  tliey  an»  more  intricate  and  are  also  capable  of  i)roducing 
moiv  accurate  results.  WIhmi  desijjfninji;  thes<^  tools  tlieiv  are 
three  ([uest ions  to  be  considere<l:  First,  aiv  the  parts  which  are 
to  1m»  machined  r(^<piired  in  lar^e  ([iiantities?  Second,  must  they 
b<*  tinished  very  accurately,  so  as  to  be  interchangeable?  Jjjustly, 
c*'an  the  ])arts  U*  IkukIUmI  an<l  linisiied  to  the.'  lx>st  advanta|i:e  in 
the  milling-machine? 

Tlie  lirst  two  ([Ufstions  can  be  answered  in  very  short  order. 
Jiid  in  deciding  tlu'  answer  to  the  last  one,  the  knowledge  and 
skill  of  tiie  drsign«*i',  who  is  ot'ten  tin*  constrnctor  as  well,  are  put 
to  the  test.  If  it  is  d4M'i<i(Ml  that  the  milling-machine  is  most 
suitable  for  tlu»  woik,  tlu'  following  ))oints  must  then  lx»  consi<l- 
eitMl  aftrr  the  shap<'  and  type  <»f  fixture  havr  Ihmmi  determined: 
The  surface  by  wliirh  the  i»irces  are  to  1m»  loeatfMl ;  the  devices 
for  fastening  the  work,  and  the  most  ]>ractical  way  of  pivsiMiting 
the  surfa<*(»  to  b<' machined  to  the  (*uttiM'  or  cutters,  jis  the  case 
mav  be. 

Asty|)rs  of  11m»  most  n*liabhM*lass  t»f  milling-machin<*  lixtures 
for  duplicating  small  and  me<iium  nnu'hine  j»arts,  there  are  licit* 
shown  fivt*  examph's  which  air  well  (h'sigiM'd  fnr  the  particular 
pieces  of  work  foi*  whirh  thrv  air  intrnch'd.  The  devic<»s  ais4» 
are  suggest  ivr,  in  tli:it  many  of  lln'ir  foatures  ran  be  so  nnxlilied 
as  to  1h*  a])]»ii<':ibi('  towink  «»f  nther  Uinds.  Melhods  ffU' con- 
structing the  li\tni'es  will  br  ilfscrilnMl  — rxplainiiig  hnw  ihey 
can  b<*  ))ro<iin-e<I  witiiin  a  i-ea>Mn:il)le  length  nt'  time  and  at  mod- 

enite  expen>e. 
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FIXTURE  FOR  THE   FIRST  I'lEt'E  OF   WORK. 

The  fixture  sliowii  in  thi-ce  views  of  Fij;.  140  is  used  for  fac- 
ing the  flat  Rurfiive  of  tiic  work,  FifT.  141.  The  tiiiisliing  of  tlic 
ends  of  tlie  piece  is  accomplislied  in  tlie  lathe,  the  imrts  c  c,  d  d, 
ftnil  the  threadwl  portioiis  heiiiff  intercJiaiigeahle.  Tlie  iixtiii'e, 
Fig.  140,  for  fiieiiig  llie  flat  siirface  F  triip  wilh  tlie  turned  por- 


tioDS  of  the  work,  is  of  few  piiHs,  Jtiul  huhis  llie  work  rigidly. 
An  the  inetliiHt  of  eonstnietioii  its  not  very  intrieatt',  nnil  <-aii 
Ik^  iinderst^Htd  from  the  ilhistndioiis,  n  sli{;ht  desirii'li'ii  will 
sufli4-e. 

The  fi.xliire  proper  eonsisls  of  the  body  <-:ks1iti^s  (1,  the  siiiml- 
aids  //  l«-i\vi'eii  whieh  tin-  work  is  hH-alcd.  llii-  Inuk  pio.ii-<-tion 
/  foi'  the  lasleiii»K-  »"d  local iiif; wit- ws  .V  .V  and  O  <t  ri'S|)ei-- 
tiv.-ly,  and  tin-  two  ehuni>in--iids  ./  ./.  The  lid  clanipiu^-s.r.-ws 
//  f.  aiv  fiisl.-ned  in  the  slot  in  lln'standaids.  as  shown  in  thr  laee 
view,  by  means  of  WInb  slei-1  pins,  so  tinil  tli,-v  may  1..-  lasl.Tirtl 
and  leleiisi^il  as  i-api<lly  as  |iossibl,-.  Tin-  li<ls  ./  ,/  are  liiii;;r.l  ;is 
sliowii  at  A"  A'.  The  liM^Uin;;-s.-rcws  aiv  ..1"  l.n.l  st<-.-l  ami  aiv  ii- 
dneiHl  at  the  ends  as  shown  al  /',  Jii  tin-  i-ini  vii-w.  anil  liardiniil 
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and  equipped  with  jiuu-nnts.  The  ton{r»u*  T  is  U*t  into  a  sh)t  in 
the  body  casting  G  so  us  to  1k^  i)erfVctly  in  line  with  the  tnrned 
portion  of  the  work  when  within  th(»  iixtni-e. 

The  boring  of  the  standards  and  lids  \i\  sizo,  and  tlu-t  faein^ 
of  the  surfaces  jy  jy  so  that  the    wuvV   will   lit    In^tween   them 


TUi.  Itl. 

snugly,  is  u(Toni|)lislMMl  in  th«i  followiii^  manner:  Tiio  bjis«'  is 
tii-st  ])laned  and  th«*  ImmIv  castin;;:  .stra|»p<*d  to  an  an^i<-piato  on 
the  drill-press  lai)lr.  A  borin^c-bar  is  tlh'n  us^-d  with  the  <*nd 
running  in  the  bushing  in  th**  table,  :ind  tin*  h(»l<'S  an*  bored  and 
the  shoulders  ta<'<*d.  The  two  s<'rr\vs  A' A' tor  forrin^:  the  work 
aj^^ainst  tln'  two  locating:  N-rews  O  O  have  knnrh'd  jieads  with  a 
s]>ann<M*  h«»le  aN  shown,  are  threaded  tf»  serew  fieely  in  tin* 
tapiM*<l  holes,  and  ari-  also  eijuipped  with  jam-nuts. 

When  u>iii;r  thisti.xture  it  is  ehimped  on  the  miller  tabh- with 
tin*  ton;:ue  7'intheslnt  ne:ii-eM   the -spindle.      The  two  lids  ./ »/ 


are  the:i  • 
enin^'  T:.-- 
in^  M-!i- 
fa>te[i;:  _ 
era^^i'-' 


(in  ..      ...-•.. 
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trill  remove  the  amouut  of  stock  required;  and  thefaceismilletl, 
using  a  large  face-cutter,  nuiniug  it  so  that  the  cut  will  bcdowu- 
wai-d,  thereby  tiikiug  the  strain  ofi"  the  fastening -screwH  J\'JVand 
keeping  the  work  against  the  locatiug-screws  0  O.  The  facing 
of  work  of  this  class  in  fixtures  of  the  type  shown  can  l>e  accom- 
plished to  a  greater  degree  of  iuterehaugeability  and  in  less  time 
than  by  any  other  means  known  to  the  author. 

FIXTURE  FOR   T'SE  IX  MILLIXG  THE  SECOXD   PIECE. 

In  Figs.  142  and  143  we  have  a  milling  flstui*  of  a  more  in- 
tricate type,  and  one  which  for  rapid  locating,  fastening,  and 
releasing  of  the  work  when  finished,  would  be  haiil  to  beat,  as 
one  turn  of  the  screw  fiislens  or  ivleases,  aa  reiinii-ed. 
Pl]|-J  Q.     This  fixture  is  constructed  for  the  accommodatiou 
j-K%Lr~TH?jarf  of  ^^'^  piwos  at  a  time,  and  could,  if  required,  be 
I  v^^^l     constructed  for  twelve  on  the  same  principle.     The 
"'~~  '        fixture  wa.s  designed  for  milling  work  of  Ihe  shape 
shown  in  Fig,  144.    The  piece  was  of  machine  steel 
and  wa.s  finished,  all  but  the  milliuf;,  in  the  turi-et- 
piH. !«.        lathe,  and  wiiH  usetl  as  a  part  of  an  electric  clolh- 
cntting  machine  which  was  iM-iuj;  nmimfactured  in  large  nnmlH'rs. 
The  milling  consists  of  a  slot  through  the  stem  at  a  and  a  Hat  at 
either  side  of  the  largest  circular  portion,  as  shown  al  /*  />, 

The  flxtni-e  consi-sts  of  Iw  '  i-aslin^s,  /'  atid  7:'.  and  spring- 
chuck  devices,  of  which  11  are  tool-.-iti'<'l  pieces  screwing  inio 
the  casting  E  and  currying  the  spring- jaws  K.  TIicm'  J;nvs  arc 
foi-ced  out  agiUnst  the  work  by  the  cxpandci-s  7,  7,,  which  siit'w 
into  thi^euded  holes  in  7  f.  The  one  i>oint  in  llic  const iiict ion  of 
this  fixtui'C  \iu»\  woi-lhy  of  a  detaihvt  descriplion  is  the  mauner 
of  finishing  the  locatingileiucssions  7'7' in  the  part  E,  This 
piirt  is  of  cast-iron,  with  a  projecting  Ing  at  J7  whieli  is  nscnl 
when  finished  as  a  gauge  for  setting  the  thiiH-  cntlcrs  which  mill 
the  work.  This  cnsl-iron  block  is  Jii-st  jilaned  on  all  sides,  and 
one  side  .V  finished  dovetail,  to  fit  tightly  into  the  dovetailed 
channe!  miUetl  in  the  body  casting  7'.  This  channel,  by  the 
way,  wa.s  inilletl  on  the  front  of  the  casting  iin<l  faeeil,  afler  the 
Iwise  had  been  tinisbed  and  the  grimve  for  the  ton^rne  was  milled. 


INTEECHAyOEABLE  MAXIFACTIRIXG.         145 

on  the  machine  on  which  the  tixtnre  was  to  be  used,  to  guard 
against  iuaccunicy. 

The  blocks  was  driven  into  this  channel  and  fastened  by 
two  screws,  shown  at  1{,  The  position  of  the  centi-es  for  the  lo- 
cating-depi^essions  F  F  F  F  were  tlien  located  so  as  to  be  dead 
in  line  with  each  other  by  the  "button"  method  <lescrilx?d  in 
a  jirevious  chapter.  The  depressions  wei-e  finished  and  holes 
bored  and  thn»aded  at  the  l)ack  by  strapping  the  block  E  on  the 
lathe  fju'e-plat(»,  truing  the  "buttons," boring  the  holes,  finishing 
the  formed  depression  to  exactly  tlie  shai)e  and  depth  by  means 
of  a  forming-tool,  and  then  reversing  the  work  and  enlarging  and 
finishing  the  holes  at  the  back,  as  shown. 

AV'hen  the  fixture  is  in  usi',  the  work  is  held  down  on  the  lo- 
cating-fju'e  F  F  by  hand,  and  the  expander  given  a  turn  by  the 
handle  J.  This  caus(\s  the  spring-chuck  A' to  grip  the  work  and 
draw  it  down  on  the  locating -face.  The  cuttei*s  ai-e  then  set  by 
the  gauge  3f  and  the  work  milled. 

DESC'KIPTIOX   OF   FIXTUKK   FOR  TIIK  TIIIKD   PIECE. 


@'  (O^'^ 


In  Fig.  ll."i  there  an^  two  views  of  a  i)iece  which  is  an  ideal 
job  for  the  milling-machine.  l\  is  a  cast-iron  spindle-bnu^ket, 
and  the  milling  4)i)eration  consisted  of  facing  the  fronts  and 
backs  of  the  two  l)oss<^s,  and  finish- 
ing the  projecting  lib  //  at  a  cer- 
tain distance  from  centre  of  hole 
Q  and  at  a  right  angle  with  the 
hole  K,  IWfore  milling,  <lu»  hole 
Q  is  bored  and  one  si(U»  (jf  the  hub 
faced  in  the  turn^t -lathe.  TIum)])- 
posite  side  is  tlien  face<l  an<l  tin* 
two  holes  drilled  through  //  //  and 
one  tlinuigh  A'.  The  side  /  is  faced  in  a  sjiecial  jig  and  all 
points  machined  are  interchangeable. 

The  milling  ti\tuF'(»  shown   in    Figs.  1  M)-117  is  designed  to 

hold  two  pie<*es  of  woik  at  onee,  and  <*an  be  eonstrueted  for  the 

aecomm(Mlatit)n  of  a  (li)zen,  if  desired.     One  casting.  .1,  isall  that 

id  required  for  this  <i\tni<»,  and  is  in  the  shape  of  an  angh»  i)late 
10 
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with  projecting  bosses  at  the  front  and  iMLCk  at  £  £  as  sarfacing- 
points  for  the  work,  aiid  four  projecting  lugs  ou  the  face,  of 
which  E  E  are  for  the  locating-points  and  D  2>  for  the  fasten- 
ing screws.     For  clamping  the  work  in  position  a  device  is  used 


which  allows  the  work  to  be  fastened  or  remove<l  with  the  great- 
est' rapidity.  It  is  shown  clearly  in  the  sectional  view  of  the 
fixture,  and  consists  of  a  stud  Jlf  of  tool  steel,  which  is  turned  to 
fit  nicely  the  hole  I  in  llic  work  and  L  in  the  fistui*.     It  is  of 


the  ssnie  diameter  for  its  entire  length  and  is  thivaded  at  the  end 
i*  for  the  nut  S  and  reduced  as  sliowii  in  ,Vtu  iidniit  llio  i-hinip- 
iug-waslier  Q.  This  washer  is  of  tool  steel  and  is  knurled  on  the 
outside  so  it  can  he  easily  renlo^■ed,  and  has  a  si'<'tioii  cnt  ont  as 
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shown,  for  slipping  it  into  the  reduced  channel  N  of  the  stud  M. 
The  locating-faces  of  the  lugs  E  E  are  fiieed  at  right  angles  with 
the  stud  N,  so  that  when  the  faced  portion  J  of  the  work  is 
forc*ed  agiiinst  the  locating-face  it  will  rest  perfectly  flat  and 
beivr  all  over.  The  fastening-screws  U  U  are  reduced  at  the 
ends  W  W,  ending  in  a  scjuare  for  the  washers  V  V.  The  head 
of  the  clamping-stud  Jf  is  milled  with  a  flat  on  two  sides  for  a 
wrench. 

AVhen  in  use,  the  fixture  is  clamped  to  the  miller-table  with 
the  tongue  C  in  the  centnil  slot.  The  nuts  F  of  the  clamping- 
studs  are  then  loosened,  the  work  slipi)ed  on  as  shown,  the 
clamping-washer  Q  Q  located,  and  the  nuts  i^tighteneil  by  using 
wrenches  on  them  and  on  th(^  end  O  O  of  the  studs.  The  work 
is  then  forced  against  the  locuting-lugs  E  E  by  the  set-screws 
U  U  aui\  milled,  jis  shown,  by  settling  a  i)air  of  straddle-mills 
for  the  pro])er  <lepth  of  cut  and  clamping  the  cross-ft*i»d  of  the 
miller-table.  To  remove  the  work  all  that  is  i*e(iuiivd  is  to  loosen 
the  set-screw  U  T'and  tlie  nuts  F,  slip  oft'  the  washers  Q  Qj  and 
remove  the  work.  Tlie  rai)idity  with  which  this  flxtun^  can  be 
oiK>rated  and  thci  perfect  interchangeability  of  the  work  i)ro- 
duced  is  surprising.  Tlu*  devic(»  shown  for  clamping  the  work 
is  far  superior  to  th(?  usual  methods  adopted. 

IXDEXINCi    MILLlNCi    KlXTri{r>^    FOR    LAST   TWO 

IMKCIX 

As  there  are  a  large  variety  of  eireular-sha])ed  machine  parts 
to  be  milled  al  dilVereiit  |>oints  regularly  spaced,  J  show  in  the 
last  two  illustratio?is  two  1yp<'s  of  indexing  milling  tixturtvs  in 
which  simple  means  are  iiseil  fnr  the  attainment  (»f  the  results 
indicated  in  tlir  sketehes  nf  pie<'es  shown  in  Tigs.  J4S  and  149. 
The  fii^st  of  tin*  two  fixtures,  the  on*'  sh(»\vn  in  two  views  in  Fig. 
150,  is  useil  lor  niilliiijn  tlie  nIx  e<jnally  s])aced  channels  .]/  in  the 
disk,  Fig.  1  l>^.  TIm-  <-astin;:s  tor  theM'  ]>arts  jir**  tinishe<l  all  over 
in  the  turret  lathe  to  the  siia{»e  shown,  and  are  then  milled  two 
at  a  tin»«'  on  thr  ti\tine.  V\*^.  !."»().  The  illnstrations  sliowa  plan 
and  cross  sretinh  \  i«-\v  leNpretiNely :  as  the  design  and  method 
of  const luel ion  ean  l>e  nndeistood  from  them,  \4*ry  lilthMleserip- 
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tion  is  necessary.  A  is  the  fixture  proper,  the  irork  heing 
located  ceutralty  on  the  studs  E  E,  which  an-,  let  into  the  base 
and  located  for  height  ou  the  faced  surfaces  C  V  as  shown  in  the 
cross-section.  The  holes  in  which  the  studs  B  E»s%  h>eateii  are 
bored  siifiicieiitly  large  to  give  cleanmce  for  the  hulw  of  tlie 


work,  as  shown  . it  7>.  The  high  projei-ting  liifjs /y  H  li  li  are 
surfaced  so  its  to  allow  tlie  clauips  ,V  -V^""  T,  two  to  v.v:\\  part, 
to  clump  the  work  secmvly.  The  indexing  <lc\iee  is  nIiowii  iu 
the  plan  view  and  i»sell'-c.\pl!i»atory.     The  pn>.icftiiigliig;it  the 


right  end  of  the  work  has  a  slot  milled  through  it  in  w  eciitral 
line  with  the  centml  Iwating-stiKis  E  E  and  to  the  dvplli  iv- 
qnire»l,  thns  serving  as  a  gauge  fur  the  depth  of  eul. 

When  iii  use  the  work  is  lorated  and  fasleix-d  as  shown,  only 
tliiit  the  indexing-pins  aix'  out.      A  cut   is  then  taken  down 
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through  both  ixirts,  iis  Hhiiwii  by  thi'  arrows,  U\  Jl  X.  The  table 
1h  then  run  biu-k,  llio  claiiipK  slacked,  and  tht^  work  niuv<il  iiiitil 
the  iiiilex-]>ius  // if  I'litov  the  ehamiels  ju^t  iiiilltHl.  Ti};hteuiug 
the  screw  J  iti  esieU  to  hulil  it  scpui-cly,  the  cutter  i«  run  through 
iigaiu  and  Uw  iiiM'i-;iti<in  rejMfaU-d.  The  work  in  then  removed 
by  ItHk-teiiin^  Hie  c)anii)-lH>lt.s  O  and  sUdin^;  the  cUimii  Iniek; 
pnivisioii  l>eiiij;  made  lor  this  by  sUittiiij;  the  l«iIt-hoh's  of  the 
elamps,  as  shown  at  V  (/  in  the  cross -sect  ion.  By  ehanj^iiit;  the 
liieation  of  the  indexin^^  device,  work  may  be  nulle<l  witli  any 
nuinlter  of  shils  nr  firooves;  in  fact,  tln-iv  is  an  inexhaustible 
variety  of  work  t'm-  wldcli  lixtures  <d'  this  di>sign  can  Ihj  adopted 
with  the  iK'st  n-snhs. 

Fig.  151  sliiiws  two  views  of  a  Hxtuii',  llie  use  of  wliich  dem- 
oustiiLles  hiiw  work  usually  luiidneed  in  Jifjs  i>n  the  drill-press 
may  U-  machineil  in  a  bi'tlcr  uiauuer  by  Ihc  use  of  sinijile  fixt- 
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un-s  on  Ihf  iiiiliiiJ^'niarliiiiv.  The  fi\lniT  is  n-icil  for  eonnler- 
iKH-in^  and  f;n!iijr  lln-  six  bossi-s  of  the  spindle -disk  easting 
shown  in  X\\"  \\i-\\s  in  I-'i;r.  II!'-  The  poinls  previously  ma- 
ehiiH-d  iiiT  111!'  \u>\>-  r.  Hi.- six  boirs  niiukt-d  /'.  and  I  lie  I  wo  bnbs. 
:dl  iH-ini:  liiii>li<''i  io  iiitcrcliun;.'r.  TIk'  li\ni]v  consists  of  thi' 
angle-plali-  .(,  wl.i.-li  l.iis  u  ],ni,i.-HinH:  hnbon  cither  siilc  al  I> 
and  /i.  and  llir  ii'iilial  lix-ntin^'-stinl  and  lia-  iinh-xin^^  pin  O. 
Aflerthc  iiii;;!.'  pijiii.  i>  ].lai:e<l  on  (lie  iK.tloni  it  Is  fnstcncd  lo 
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the  lathe  face-plate,  and  the  hub  D  faced.  A  hole  is  theu  bored 
straight  through  the  centre  of  the  hubs  and  reamed  to  size,  and 
counterbored  to  the  diameter  and  depth  shown  in  the  sectional 
view,  for  clearance  for  the  hub  of  the  work.  It  is  then  ti-ans- 
ferred  to  the  planer,  where  the  hub  B  is  faced  and  the  channel 
let  in  for  the  tongue.     The  central  locating-stud  is  then  finished 


Fl(i.  152. 

80  as  to  shoulder  at  H^  and  reduced  and  threaded  at  the  back 
end  for  the  washer  K  and  the  jam-nuts  L  L,  so  as  to  revolve 
freely  without  i)lay  within  the  fixture.  The  device  is  now  drilled 
for  the  two  hardened  steel  bushings,  one  at  R  for  the  index -pin 
0  and  one  diametrically  opposite  at  *S*.  To  jiroperly  locate  these* 
bushings,  the  work  is  fastened  on  the  central  stud  /  and  the 
hole  for  the  index-pin  bushing  7?  is  finished,  first  by  drilling 
through  one  of  the  holei>  P  in  the  work,  which  is  then  removed 
and  the  hole  counterbored  to  admit  tlie  bushing  R,  jis  shown 
by  the  dotted  lines.  The  hole  through  the  bushing  is  lai)ped  to 
exactly  the  sjime  diameter  sis  the  six  reamed  holes  F  in  the  work. 
The  index-i)in  O  is  then  made  of  tools  tei'l — the  head  being 
knurled  as  shown — then  hardened  and  ground  to  fit  snugly 
within  the  i-eamed  holes  P  in  the  work  and  the  bushing  R  in 
the  fixtni'e,  being  located  by  entering  index-i)iii  O  through 
one  of  the  holes  i*  and  into  the  bushing  i^;  the  hole  for  bush- 
ing aS  is  finished,  and  the  bushing  entered  in  the  siinie  manner  as 
the  other. 

To  operate  the  fixture  the  work  is  fjistened  as  shown,  and  the 
counterbon*  located  in  a  taper-sleeve  in  the  niiller-spindle. 
The  longitudinal  and  cross-feeds  of  the  table  are  tln^n  inani]>n- 
lated  until  the  lead  or  siipj)orting  stud  of  the  <*oinit<'rboi-e, 
Fig.  152,  is  in  line  with  and  can  be  entered  into  the  hujshiiig  >S'. 
The  work  is  then  fed  against  the  cutter  until  the  reciniivd  anionnt 
of  stock  has  been  removed,  and  the  griuluated  dial  on  the  ci-oss- 
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feed  scr^w  set  at  0.  The  table  is  then  moved  back,  index-piu 
O  removed,  and  the  work  i-evolved  one  space  or  until  the  next 
hole  Pis  in  line  with  the  bushing  /?.  The  index-piu  is  then  i-e- 
entered  and  the  operation  of  counterborin^  and  fsicing  repeated, 
and  so  on  until  all  six  of  the  bosses  have  been  machined  in  i*epe- 
tition. 


CHAPTER  XL 

Miscellaneous   Milling   Fixtures,    and   Special  Tools 

for  Similar  Work. 


A   MILLTXG   FIXTTTKE   FOR  DRILL-PRKSS   TABLES. 

In  the  machining  of  tables  for  three-  and  four-spindle  sensi- 
tive drill-presses,  one  fixture  is  worthy  of  interest,  as  it  is  both 
simple  and  eflfective  for  the  accomplishment  of  the  work  desired. 
It  is  also  suggestive  for  other  work.  The  fixture  is  us(^d  for  mill- 
ing the  dovetail  in  the  table  to  fit  the  slide-surface  of  the  base 
or  lower  column,  and  is  shown  in  two  views  in  Figs.  153-154. 


VERTICAL  MILLCP 


It  is  used,  as  shown,  in  the  vertical  milling-machine.  The  table- 
surfaces  of  the  ciustings  were  first  i)laned  up,  after  which  tliey 
were  readv  to  be  milUnl.  The  fixture  consisted  of  one  casting: 
3^  in  the  shape  of  an  angle-plate.  This  ca^sting  was  first  i)laned 
on  the  bottom  and  the  tongues  O  0   fitted  to  the  slot  in  the 
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miller- table.  A  eat  Wiis  then  taken  off  the  fiu*e,  petting  it  as 
true  and  smooth  as  piyssible,  as  the  face  of  the  table  located 
iigainst  this  surface.  The  two  gauge- pitn^'cs  Q  and  7^,  respec- 
tively, were  worked  out  and  fsustened  to  the  angle-plate  with 
dowel-pins  and  screws,  so  they  would  starve  as  locating-])oints  for 
the  edges  and  face  of  the  tal>le.  Three  holes  P  P  P  were 
diilled  in  the  bjise  of  the  angle-jjlate,  as  shown,  for  the  bolts 
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used  in  fastening  it  to  tiie  niilling-machine  table.  Jloles  were 
also  drilled  and  tai)p<'d  in  the  face  for  the  strap-screws  T  T  T. 
Three  straps  were  then  made  of  machine  ste<'l  and  bent  at  right 
angles  at  one  <mh1,  linishing  tlnMU  so  as  to  be  in  the  position 
shown  when  <'lamping  the  table. 

The  lixture  was  tluMi  set  up  and  clamiMMl  to  the  miller-table, 
5is  in  the  ])osition  shown  in  the  top  vi(*w,  and  a  table  ready  to  1hi 
milled  stri|)|)ed  to  it  as  shown,  resting  and  InMng  located  on  the 
top  pieces  Q  and  J\  res])ectivi»ly.  A  s<*rew-jack  waK  then  us<»d 
to  brace  the  extension  part  of  the  table  at  ]\\  thereby  taking  uj) 
the  downwind  strnin  on  the  table  whih*  the  dovetail  was  being 
mille<i.  Tin*  milling  was  then  tinished  in  two  cuts,  a.s  shown  at 
y  in  the  npp4'r  vi4^w,  milling  it  to  fit  the  limit-gauge  shown  at 
the  bottom. 

The  use  of  this  tixtui'e  gives  a  practical  illustration  of  one  of 
the  vaiioiis  kinds  of  work  for  which  the  vertical  milling  ma- 
chine is  jid;i[»table,  as  tin*  ojK'ratioii  shown  <*nn  !;e  a<*com])lisluMl 
in  one  ^piartrr  the  tinu^  which  it  would  take  to  do  on  the  planer. 
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or  on  the  regular  inilliiig-niacbiiie — where,  in  milling  the  dove- 
tail, the  table  would  be  strapped  to  the  miller-table,  which  would 
have  to  be  raised  and  lowered  by  hand  while  milling,  whi<:h  is 
both  hard  on  the  opei'ator  and  on  the  machine  as  well ;  as  will  be 
at  once  understood. 

JIG   FOR   MlLLIXCf  DKILI^PKESS  BPIXDLI^MIEADS. 


The  jigs  descril3ed  and  shown  in  the  following  were  used  for 
milling  and  boring  drill-press  spindle-heads  manufactunKl  by 
the  interchangeable  system,  and  are  both  reliable  and  cheap  in 
design  and  cx)nst ruction. 

The  spindle-head  is  shown  in  two  views  in  Fig.  155,  and  a 
slight  description  will  tend  to  the  intelligent  undei*standing  of 

the  itHiuirements  and  construction 
of  the  jigs.  The  oiK*rations  on  the 
head  consisted  of,  fii'st,  the  milling 
of  t  he  dovetailed  A  to  fit  the  column 
of  the  drill-pivss;  then  the  cutting 
A  out  of  the  two  lugs  7i',  thereby  al- 
lowing suthcient  spring  in  the  spin- 
dle-head to  tighten  it  to  the  column.  Tiie  hole  is  then  drillcMl  at 
C  for  the  clamping-lever.  Aft(»r  tliis  is  done,  the  hole  I>  is  bored 
and  finished.  This  hole  must  be  accurately  located,  as  the  i)in- 
ion,  when  inserted,  must,  mesh  accurately  with  th(»  i-aek   on  the 
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spindle,  and  in  order  for  the  heads  t<»  inten'han<rc  tlie  ji^^s  must 
1h*  accurately  const ructed.  Wlien  casting  tlie  lirads,  the  holes 
foi*  the  spindle  and  pinion  are  cored  sutliciently  small  to  allow 
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of  the  holes  l)eiiig  fiiiishe<l  to  size,  in  cast*  of  a  slight  variation  in 
the  location  of  the  holes  when  cored  in  the  existing. 

The  jig  used  for  milling  the  dovetail  ^1  in  the  head  is  shown 
in  three  views  in  Figs.  15G  and  157  i-esiMK'tively,  and  is  very 
simple  in  both  design  and  construction.  It  consists  of,  first,  a 
large  tiat  casting  E,  for  which  a  pattern  of  the  size  and  shape 
shown  was  lirst  made,  and  stock  left 

sufficient  at  all  locating-points  to  al-  ^   ^TH  j^  t 

low  of  linishing.  After  a  casting  was 
MH'ured,  it  was  lii*st  set  up  on  th«* 
planer  and  the  l)a<*k  planed  and  the 
tongues  G  G  lit  ted  to  the  central  slot 
of  the  table  of  the  large  milling-machine.  It  was  then 
place<l  on  tlu*  tal)lr  of  this  milling-nnichine,  and  clam])ed 
to  th(»  table  at  each  en<l,  IF  If,  By  viewing  the  cross-section 
sh(>\vn  in  Fig.  157  it  will  bo  siHMi  that  the  head  is  located  at 
three  points  /,  »/,  and  A'.  Tin*  ])oint  /  is  milled  out,  as  shown, 
to  a  radius  a])pioximatcly  tlu*  siime  as  that  portion  of  the  head 
which  rests  at  that  point,  as  shown.  The  ])oints  J  and  K  are 
tlh'u  milled  so  that  the  head  will  jest  perfectly  parallel  on 
tin*  jig.  In  l(K*ating  castings  of  the  kind  shown,  the  clamping 
poition  must  Im*  located  at  the  strongest  point,  esjM'cially  in  this 
cas4»,  as  thr  milling  is  tinishi'd  in  two  <*uts,  whi<'h  aro  very  heavy 
cuts.  As  will  br  s<M'n,  this  jig  is  ma<h'  to  accommodate  eight 
heads,  and  U^v  clamping  thrst%  tour  sluds  and  straps  are  itJ- 
quircMl;  rarh  <nic  clamping  two  hca<ls,  as  shown  at  M  M  M M, 
Th(»  studs  arc  of  machine  steel,  turned  and  thivaded  at  each  end 
and  screwed  tightly  into  holes  drilhMl  in  the  jig.  As  shown,  the 
stiaps  are  ot"  ;  inch  tlat  ma<'hine  steel,  cut  otf  tin*  ])roper  length 
and  dressed  at  each  end  at  the  grinder.  The  nuts  /f  are  fa<;ed 
upon  <me  si<le  and  case  hardened.  When  all  parts  are  assem- 
bled as  shown,  and  the  eight  heads  strapped  and  located  in  ])08i- 
ti<ni,  an  aniiulai'  end-mill,  si'iewed  and  t"astene<l  on  to  the  sei'ew- 
ai"b«M\  i>  usrd  for  milling  them.  For  gangin;^  the  d<»pth  of  cut, 
a  d«Mible  ended  :L:aMge  nf  J  inch  too!  .ste<-l  is  used,  one  en<l  to  go 
in  and  the  other  end  not  to  g<>  in.  For  ganging  the  distance 
fi'oni  tlie  <'enl]e  ol"  ihr  >pindle  hol«'  to  the  laces  (»!'  the  cntlei",  a 
button-iiauue  i^  w^i^^X,  the  bottom  littini:  the  ni, indie  lM»le  ■  nn  hich 
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isroiip:h)  freely,  and  the  piece  of  steel  in  which  it  is  fastened 
resting  on  the  table  of  the  miller.  The  distance  from  the  cntter 
to  tlie  other  end  of  the  gauge  being  correct,  the  work  is  fed  in 
until  the  face  of  the  cutter  just  touches  the  gauge;  the  cross- 
slide  of  the  table  is  then  clamped,  and  the  tuble  is  raist»<l  or 
lowered,  as  may  be  required,  until  the  edge  of  the  cutter  rests  on 
a  slight  projection  on  the  end  of  the  gauge.  This  is  for  locating 
the  cut  approximately  central  with  the  spindle  hole.  The  mil- 
ler is  then  started,  and  the  cutter  allowed  to  run  through  the 
entire  eight  heads.  The  table  is  then  fed  back  to  the  starting 
point  and  raised  a  sufficient  number  of  thousands  until  the  small 
gauge  will  just  go  in.  The  cut  is  then  started  and  run  through, 
then  the  heads  ai-e  removed  and  another  eight  located  and 
clamped.     The  opei-atiou  is  then  repeated. 

3IAC1IINIXG   DRILL   COLI'MXft. 

The  tools  here  shown  were  de.signed  by  t  he  author  and  used 
for  machining  the  up])er  columns  of  small,  one-spindle  drill- 
presses.     Tiie  column  is  shown  in  position  on  the  fixtures.     The 
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points  machined  are  the  tinishing  of  the  slide-surl'jice  A  A  for 
the  adjustable  spindle-head;  the  milling  of  tiie  bjis<»  M  and  of 
th<»  back    /*,  as  shown;  and,  lastly,  the  boring  of  the  hol(»  for 
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the  spindle  throujj:li  Ibe  colmnii  at  L  and  tlirough  the  spiudle- 
heud. 

The  milling  of  the  slide-snrlaee  is  done  lij'st  in  order  to  have 
a  reliable  surface  bj^  which  to  locate  for  the  following  operations. 
The  body  of  the  tixtuie  is  a  h)iig  casting,  By  with  a  high  i)rojec- 
tion  at  each  end,  the  one  at  E  IxMng  a 
*'  T''*  for  the  body  of  the  column,  and 
the  one  at  the  other  end  tlat  and  sqiiai-e 
with  the  biise,  for  the  head-supj)orting 
})racket  /.  This  bracket  is  of  cast- 
iron,  coi*ed  out  at  J  so  tiiat  the  hea<l 
of  the  column  L  will  enter  it,  the  in- 
ner side  of  J  lK»ing  open  so  as  to  allow  of  this.  The  bnieket 
is  fastene<l  to  the  Ixxly  casting  by  four  cap-screws.  A  feather 
C  is  let  into  each  end  in  a  channel  in  the  bast*  to  locate  it 
in  the  slot  of  the  miller-table,  and  it  is  fiistened  bv  bolts 
through  the  hnl(»s  at  J>  JK  Two  clami)s  at  Fand  (w  are  iLStnl  to 
fasten  the  work  ;  F  being  Jiearly  (»ver  the  vertical  adjust ing-sci*ew 
X.  A  knurled  head -screw  at  J£  forces  the  ln*a<l  L  against  the 
locating  set -scn*w  A"  in  the  face  of  the  bracket  /  and  the  two 
other  s(»t-s(?rews  K  act  vertically  as  locating-  and  fa^tening- 
sci'ews. 

For  the  milling,  a  gang  of  cutters  and  a  special  arbor  of  the 
shape  shown  are  us<m1,  the  angle  or  first  cutter  being  threaded 
with  a  left-hand  thread  to  screw  onto  tln^  arbor  and  force  the 
other  two  cutters  t  ight  ly  toget  her.  The  narrow  cutter  is  to  linish 
a  tlat  ah>ngthc  rxtrennM^dge  of  the*  milled  surfiice,  and  the  large 
one  is  for  jnilling  the  face.  The  hist  two  cutters  are  keyed  to  the 
arbor. 

Th<»  lixturc  is  first  bolted  to  the  miller-table,  and  the  work  is 
fast<Mied  upon  it,  adjusting  all  locating -screws  so  that  a])proxi- 
matcly  tln^  sjinn*  amount  of  sto<*k  can  Ik*  removed  fi'om  all  parts. 
As  th(»  variation  in  thr  <*astings  is  very  little,  if  the  tii'st  column 
has  be<Mi  machined  <*orrectly  all  the  othi'i^s  will  \h\  A  gauge  is 
UM'd  to  srt  111*'  gang  of  mills.  Tin*  w<n'k  is  moNe<l  up  to  the  cut- 
ters until  thr  f;MM»-cutt(*r  is  jenioN  ing  tin*  r<M|uir<Hl  amount  c»f 
stock  and  tin*  an;;lr  rutter  is  IcMU'hing  tin*  gauge.  When  the  top 
is  linished,  the  table  is  rais4Ml  nnd  the  undtM-  side   is  finished. 
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startiug  at  i>  D,  Before  (his  fixture  wiis  designed,  the  finishing 
of  the  slide  A  A  was  done  on  the  planer ;  but  by  this  arrange- 
ment the  same  results  were  aecomplislied  in  one-thii-d  the  time 
and  to  a  far  greater  degree  of  uniformity. 

For  fiicing  the  base  JWand  the  surfa<*e  P  the  fixture  shown 
in  Figs.  160-161  was  used.     This  was  made  for  three  columns, 
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only  one  of  which  is  shown.  Tiie  dovetailed  slide-surfaco  pre- 
viously macluned  is  utilized  for  locating:  and  fastening  the 
columns.     The  iixture  consists  of  one  lioavy  IkkIv  casting,  with 


J! ifn 


r2« 


L 


L-tP"  "5ri 


:c:i 


~7H_.?.c- 


I 


Sld«  /m«. 


c^ 


Fiu.  Itll. 

thrcM'  st:indai<ls  on  which  tiie  work  i.s  I'jisteiuMl.  Tin'  loratin;;- 
surfju'cs  at  F  F  F,  respectively,  are  liiiishe<l  on  the  ]>laiiei*,  one 
side  at  A' with  a  dovetail  at  the  same  an;^He  as  that  <)f  the  ma- 
chine* I  surface.  Two  angular-faced  elain]»>  H  (r,  with  <'lani]>- 
screws  i/,  are  used  for  fast^Miinj;  <'aeli  eolninn.  Two  stiaps  //  // 
are  also  used;  althouirh  tliev  aie  not  ahsolnteU  nee(»ssarv. 
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The  bam  .Vis  liiiiHhiHl  tii-st,  Amug  the  I'litirv  number  of  ciut- 
iiijts.  Tlioy  are  thfii  n'vei-m-ii  oil  the  tixtuix'  ivml  the  btic-ks i*  are 
fiUHHl  with  ail  inserted  Uiotli-faeo  iiiilliiig-cHtter,  which  is  fast- 

eiivfl  ill  the  vi-rtifal  attatrhmeiit.     The  _  ^ 

Ksiiiie  flitter  is  use<l  for  lacing  the  Ixiw's 
of  Ihi^  eoliiiiiiiK. 

The  iKiriiig-tixtiin-  is  shown  in  Figs. 
l«i;-16;t,  ill  tliesiOe  view  of  whidi  the 
work  is  shown  in  jiosition,  with  the 
spindle-head  attached  to  th«  slide- 
snrfiMf,  i-eady  to  be  hoivd,  Tlie  boring 
and  fiiilRliing  of  tlie  spiiidlo  hoh-  in  the 

head   L  of  the  mlninn  and  in  the  spiudle-head  at  omi  and  the 
Baiue  time  is  necessary  in   order  to  insnn'.  the  nligiiment  of 


s.     This  lixluii-  is  nither  more  intricate  lUid  e\|ieH- 
the  Iwo  pivcediiifr;   but   the  cost  was  approved  by 


tlie 


^Llll. 


The  li\tuiv  is  ill  tlie  lonii  of  :l  tall  >inKli'-)>]ale,  with  Iwo 
staiKbiMls  .V  pj'ii,jecliti;:i'i'OMi  Ihi-  inside  >. I' r  !''•]'  IIm'  loc;tliii;:-  and 
fiLstcniiis.'-i.oiii1s.  Tli.-si-  .-taiL-lards  ;in-  c.n-.l  al  A',  as  sli..wii  in 
tlieeiiil  vii-w,  Ic  rleiir  tin-  bi.ririj:-l.;ir.      i;i-\  ■-!  r:i.ed  clamps  A'  A', 
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with  clamp-screws  P  P,  secure  the  work.  There  wei'e  two  bush- 
ings, one  at  the  top  in  D  at  jK,  and  the  other  in  the  base  J  at  II. 
The  holes  for  these  bushings  were  cored  small  in  the  fixture 
when  cast,  and  were  bi'ed  to  finish  size  on  the  large  drill -press  on 
which  the  fixture  was  to  l>e  use<l.  Before  boring  and  finishing 
these  holes,  the  other  locating-  and  lining-points  on  the  fixture 
were  finished,  and  the  i)iece  was  strengthened  by  fastening  two 
wide  and  stiff  machine-steel  stnips  at  the  sides,  as  shown  at  ^  S. 
These  straps  strtMigthened  the  fixture  considerably  and  insured 
its  rigidity. 

The  bushings  E  and  77*  were  of  tool  steel,  hardened  and  lap]>ed 
to  a  good  fit  on  the  boring-bar,  and  then  ground  on  the  outside 
and  force<I  into  their  respective  holes.  There  were  four  lugs  F 
with  hardened  set-scTews  G  and  check-nuts  to  resist  side-thrust 
when  boring  the  holes  in  L  and  Q.  Large  0])enings  in  the  up- 
right at  b  b  and  c  c  were  convenient  for  inserting,  fjustening,  and 
removing  the  cuttei'S  from  the  boring-bar. 

The  fixture  rests  on  the  bjise  B  on  the  table  of  the  large  drill- 
press,  and  the  work  is  fjistened  as  shown.  The  boring-bar  is 
then  slip[)ed  down  through  the  bushings,  and  the  table  of  the 
drill -press  swung  around  until  the  shank  of  the  bar  can  l)e  driven 
nil  into  the  drill -spindle.  The  roughing-cutters  are  fastened 
in  the  bar  and  fed  down  through  the  holes.  The  bar  is  then 
raised;  the  roughing-cutters  are  removed;  a  finishing  Si4  is  sub- 
stituted, and  the  holes  then  finished. 

The  boring  fixture  here  shown  was  nsed  only  for  machining 
single-spindle  columns;  for  the  two,  three,  four,  iiw,  and  six- 
spindle  frames  a  special  self-driven  machine,  that  might  Ik*  set 
to  bore  two  columns  at  once,  was  used.  In  this  machine  the 
work  was  located  and  fastened  upon  it  in  the  siime  way  as  Iumc 
shown,  the  only  dineren<v  being  in  the  driving  of  the  boring- 
bars  oi-  cutter-s]»indlcs  by  bevel-gears,  and  feeding Ihem  through 
the  holrs  in  the  work  by  a  ]nnion  and  rack,  in  relatively  the 
same  manner  as  on  a  self -feeding  drill-press. 

CnUlF   FA(  TOR    IX   MACMllNK   MANUFA(  TUIUXG. 

One  of  the  chief  factors  in  modern  manufacturing  of  machine 
parts  by  the  interchangeable  system  is  the  selection  of  the  proper 
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machines  and  tools  for  the  accomplishing  of  the  results  desired ; 
those  that  will  allow  of  the  rapid  machining  of  the  work  are,  of 
course,  the  ones  t-o  use.  It  is  a  common  sight  in  a  great  many 
manufacturing  machine-shops  to  see  work  being  laboriously 
X)erformed  by  the  use  of  inadaptable  machines  and  tools,  which 
could,  by  the  use  of  a  machine  more  adaptable  for  it,  be  accom- 
plished with  ease  and  expediency.  In  fact,  I  have  often  seen 
machines  standing  idle  while  the  work  which  should  have  been 
machined  in  them  was  being  done  in  others  which  were  not  at  all 
adapted  for  it.  Thus  we  learn  that  in  order  to  get  the  maximum 
of  production  from  the  minimum  of  labor  we  must  always  con- 
sider and  select  the  mjvchines  which  are  the  best  adapted  for  the 
work ;  as  well  as  pay  attention  to  the  designing  and  construction 

of  the  tools  and  fixtures  for  the  operations  necessary  to  finish  it. 
11 


CHAPTER  XIL 

Special  Tools,  Fixtures  and  Devices  for  Machining 
Repetition  Parts  in  the  Tnrret-Lateh. 

THE  USE  OF   SPECIAL  FIXTURES  IN    THE    TUEEET- 

LATHE. 

If  there  is  one  type  of  machiue  tool  that,  more  than  any 
other,  has  taxed  the  ingenuity  of  the  designer  and  the  skill  of 
the  tool- maker  to  keep  it  supplied  with  work,  it  is  the  turret- 
lathe  ;  as  the  numberless  varieties  and  classes  of  work  which  this 
great  factor  in  modern  manufacturing  is  capable  of  handling  are 
enormous.  When  I  state  the  above  I  do  not  refer  to  the  com- 
moner classes  of  work  produced  in  this  machine,  as  the  tools  for 
their  repetition  and  duplication  are  sufficiently  well  known  and 
understood  to  make  their  use  universal,  and  descriptions  of  them 
would  be  superfluous.  I  refer  to  the  special,  odd,  and  brain- 
racking  jobs  that  are  constantly  coming  along,  for  which  the 
ever- resourceful  tool-maker  is  required  to  construct  tools  so  that 
the  parts  may  be  turned  out  rapidly  and  accurately. 

For  the  production  of  parts  in  large  quantities  in  repetition, 
whit5h  can  be  finished  by  turning,  boring,  or  facing,  no  other 
machine  tool,  when  equipped  with  suitable  tools,  offers  the  ad- 
vantages or  is  better  suited  than  the  turret-lathe,  or  its  elder 
brother,  the  screw-machine.  To  faciliate  the  production  and 
the  efficiency  of  the  machines,  and  reduce  the  responsibility  of 
their  operatoi-s  to  the  minimum,  thousands  of  tool -makers 
throughout  the  country  are  constantly  engaged  in  coiistnictng 
devices,  fixtures,  tools,  and  arrangements.  It  is  with  these 
classes  of  tools  that  I  propose  to  deal  in  this  and  the  following 
chapter;  devoting  this  one  to  the  use  of  special  tools  in  the  tur- 
ret-lathe and  the  next  to  the  use  of  similar  tools  in  the  screw- 
machine. 

163 
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It  will  uot  be  necessary  to  go  into  detail  in  I'egard  to  the 
staudard  tools  used  iii  connection  with  the  various  devices  and 
arrangements  shown,  as  their  use  is  well  understood,  and  it 
would  be  digressing  unnecessarily  to  treat  them  or  the  machinea 
in  detail.  In  regard  to  the  special  tools,  however,  too  much 
cahnot  be  written. 

The  variety  of  the  tools  shown  and  the  description  of  their 
construction  and  use  will  warrant  a  careful  perusal  by  the  reader ; 
as  they  will  be  the  means  of  suggesting  modifications  of  the  de- 
signs which -can  be  embodied  in  tools  for  work  other  than  that 
showu  in  connection  with  them.  Tools  of  these  types  are  great 
reducers  of  cost  of  production ;  and  the  ability  to  devise  and 
install  them  successfully  is  an  enviable  capability  of  the  modem 
tool-maker. 


ATTACnMEXT  FOR  FOEMING   IREEGULAB   PIECES 
FROM  THE   BAR. 

The  turret-lathe  fixture  shown  in  the  accompanying  engrav- 
ings is  for  forming  pieces  of  irregular  outline  from  the  bar.     It 


piQ.  les, 


is  adapted  for  work  having  considerable  stock  to  be  removed, 
and  will  duplicate  tho  pieces  very  accurately  and  leave  the  fin- 
ished surface  smooth  and  free  from  tool  marks.     As  it  is  always 
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ready  for  use  and  can  be  fastened  in  place  on  the  turret-lathe 
and  set  for  the  resuItB  desired  in  Bliort  order,  it  should  find  a 
jilace  in  all  shops  where  tlie  valne  of  the  turret-lathe  is  appi*- 
ciated. 

Figs.  164-165  are  front  and  back  views  of  the  fixture  com- 
plete, n'hile  Fig.  166  is  a  side  view,  a.s  the  fixture  appears  wheu 
bolted  to  the  back  of  a  turret-lathe  ci-oas-slide.  The  latter  view 
also  shows  the  mauuer  in  which  the  enttiug-tool  is  pi'eseuted  to 
the  work. 

The  fixture  proper  consists  of  two  main  parts  of  cast-iron,  the 
round  base  J  and  the  body  casting  I,  constructed  to  swivel  on  it. 


The  front  G  of  the  body  casting  ia  dovetailed  and  lia,sa  rib  i7"fi>r 
the  steel  slide  C.  The  ribs  JVi^act  as  strengtheuiug  ribs  for  Hie 
front  and  also  as  bearings  for  the  pinion  and  lever-stud  0.  The 
steel  slide  Cand  an  oblong  opening  H  allow  the  rack  to  project 
through  the  front  Cand  mesh  with  pinion  Q.  This  allo\t's  .slide 
Cto  be  moved  up  or  down  by  the  lever  at  the  side.     The  pinion. 
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stud  Q  is  of  tool  steel  aud  has  a  large  head  at  one  end  and  is  iv- 
daced  and  threaded  ou  tbo  other  for  the  lever  and  fasteuiug-QUt 
P.     The  lever  aud  pliiioa  are  keyed  to  the  stud. 

The  front  or  face  of  the  steel  slide  C  is  fiuisbed  on  an  incline 
at  approximately  the  angle  that  would  be  adopted  for  the  front 
clearance  of  a  lathe-tool.  This  is  done  so  as  to  avoid  having 
to  give  this  clearance  to  the  cutting-tool,  which  is  fastened  to 
the  face  of  the  slide,  aud  requires  clearance  ou  the  bottom  only. 


The  cutting-tool,  as  shown  in  the  side  and  front  views,  is  located 
within  a  smaller  channel  in  the  face  of  tlie  steel  slide  C,  at  D,  and 
is  held  by  meiins  of  the  large  cap-screw  F.  The  cutting-edge  of 
the  tool  is  sheared  off  at  the  angle  shown  in  the  front  view,  from 
^  to  B,  so  that  it  will  i-eniove  the  metal  from  the  work  progree- 
sively. 

The  circular  portions  of  the  two  main  castings,  Fig.  164,  are 
80  constructed  that  the  bo<ly  of  the  tool  can  be  swiveled,  there 
being  graduations  at  U  U  to  enable  it  to  bo  set  accurately  at  the 
desired  angle  with  the  work.  The  base  J  is  provided  with  a 
tongue  L  which  fits  nicely  in  the  slot  for  the  tool-post  In  the 
turret-lathe  cross-slide.  The  main  casting  I  is  hollow  in  the 
center  to  allow  a  centre  hub  of  the  biise  to  project  np  through 
it.     The  bolt  .fi",  by  which  the  bjiee  is  secured  to  the  cross-slide. 
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passes  up  tbiough  this  hub  and  thus  it  is  not  necessary  to  loosen 
the  base  when  swiveling  the  body  casting  or  tool-head.  To  set 
the  tool-head  the  two  nuts  T  T  at  the  base  studs  are  loosened, 
and  the  head  graduations  set  to  the  angle  desired.  The  nuts  are 
then  fastened,  and  the  head  is  rigidly  held  in  position.  The 
manner  in  which  the  two  castings  are  finished  so  as  to  locate  true 
with  ejich  other  and  swivel,  is  shown  at  F  Fin  Fig.  166. 

As  a  practical  illustration  of  the  manner  in  which  the  fixture 
is  used,  there  is  shown  in  Fig.  167  a  plan  view  of  it  as  located 
and  fastened  to  the  lathe  cross-slide,  with  the  cutting-tool  in 
position  for  finishing  from  bar  stock  the  taper  end  of  a  mild 
steel  tool-post.  For  this  work  a  tail-stock,  equipped  with  cen- 
tre, replaces  the  turret  usually  employed  and  supports  the  end 
of  the  piece  being  formed  and  also  sets  the  gauge  for  length. 

In  machining  the  part  shown  in  Fig.  168,  the  stock  is  fed  out 
the  required  distance,  and  the  spring-chuck  jammed.  The  tail- 
centre,  which  is  very  hard,  enters  the  bar  far  enough  to  support 


Fig.  168. 


it.  The  handle  of  the  fixture  is  then  grasped  by  the  operator 
and  pulled  downward  until  the  lowest  x>oint  of  the  cutting-tool 
at  A  is  somewhat  near  the  centre  of  the  revolving  stock.  The 
cross-slide  of  the  lathe  is  then  fed  forward,  and  the  tool  com- 
mences to  cut  until  the  slide  stops  against  the  stop-screw  and  the 
edge  of  the  tool  has  removed  considerable  stock.  The  slide  is 
now  held  stH*urely  against  the  stop-screw  by  the  operator  press- 
ing down  hard  on  the  cross-slide  lever;  then  with  his  right  luind 
he  pulls  down  on  the  tool-head  lever,  thereby  feeding  the  cut- 
ting-tool downward,  and  the  stock  is  graduall}'  removed  by  the 
shearing  cut  of  the  tool,  and  the  bar  is  finished,  as  shown.  As 
each  portion  of  the  tool's  cutting-edge  removes  the  metal,  it 
passes  below  the  centre  of  the  bar  and  ceases  to  cut,  so  there  is 
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only  a  narrow  surface  of  cutting-edge  of  the  tool  removing  metal 
at  the  one  time.  The  machining  of  the  work  is  thereby  pro- 
gressive ;  there  is  no  tendency  to  chatter  or  mark  the  work ;  and 
by  having  a  good  stream  of  oil  constantly  running  on  the  work, 
a  fine,  smoothly  finished  surface  is  the  result.  As  soon  as  the 
entire  cutting-edge  of  the  tool  hjis  i)assed  below  the  cenrte  of  the 
bar,  the  lathe  cross-slide  is  fed  back  to  its  former  position,  and 
the  cutting-tool  raised  for  the  next  piece.  In  order  to  produce 
the  best  results,  the  cutting-edges  of  the  tool  should  l>e  left  quite 
hard,  and  be  oil-stoned  to  a  perfectly  straight  and  keen  edge. 
The  amount  of  clearance  and  shear  has  also  considerable  effect 
on  the  results,  and  must  be  determined  by  the  quality  and  nature 
of  the  material  which  it  is  desired  to  machine. 

In  Fig.  169  is  an  illustration  of  apiece  of  work,  the  taper 
surface  G  of  which  is  finished  by  the  use  of  the  special  fixture. 

G 


THE  WORK 


Fig.  189. 
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In  Fig.  170  is  shown  a  special  turrt^t-tool  used  for  supporting  the 
smaller  tapered  end  II  while  the  other  pait  is  being  finished. 
The  stock  machined  was  a  |-incli  drill-rod,  and  the  long  taper  sur- 
face was  required  to  l>e  finished  as  smooth  and  clean  as  possible, 
and  slight  changes  were  made  in  the  tool  slide  to  accomplish 
these  desired  results.  The  slide  C  of  the  fixture  was  replaced 
with  another  that  differed  from  the  first  only  in  that  the  face 
was  left  straight  and  at  a  right  angle  with  the  cross-slide,  instead 
of  being  inclined  for  back  clearance.  Thus,  when  the  edge  of 
the  cutting-tool  passed  by  the  centre  of  the  stock,  the  portion 
machined  would  rub  against  it,  and  with  the  stock  rapidly  rotat- 
ing, the  friction  was  sufficient  to  give  quite  a  polish  to  the  ma- 
chined surface. 
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In  Figs.  172  and  173  are  shown  two  samples  of  work,  the 
formed  surfaces  of  which  were  machined  by  the  use  of  the  fixt- 
ui-e  here  shown,  and  in  Fig.  171  is  a  sketch  of  one  of  the  cutting- 
tools  used  for  them,  from  which  an  idea  of  their  construction 
may  be  gained. 

The  great  saving  in  producing  work  of  this  class  direct  from 
bar  stock,  in  preference  to  using  separate  castings,  has  made  the 
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turret-lathe  as  great  a  factor  in  the  production  of  machine  parts 
as  the  engine-lathe.  For  that  reason  any  method  or  device 
which  will  add  to  the  capacity  of  the  machine  and  increase  the 
sufficient  of  output  should  be  adopted,  and  the  fixture  herein 
described  is  one  which  will  do  this.     It  can  be  easily  adopted  for 


Fig.  173. 

work  other  than  of  the  class  shown,  such  as  chandelier  and  elec- 
trical fixture  work,  where  large  quantities  of  ornamental  knobs, 
joints,  and  various  other  parts  are  produced  from  large  brass 
rods  or  bars ;  and)  in  fact,  for  producing  shaped  pieces  from  the 
bar  of  steel,  brass,  fibre,  or  hard  rubber. 
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BOX-TOOL   FOR   THE   TUBRET-HEAD. 

In  Fig.  175  is  shown  the  pinion  a-s  n»e<l  iu  (Irill-press  spindle- 
heads,  and  in  Fig.  174  the  tools  used  for  the  first  operation. 
These  pinions  were  of  eold-rolied  mild  steel,  and  were  roughed 
out  and  conntered  at  each  end  in  the  turret-lathe.  The  box-tool 
shown  in  Fig.  174  and  a  eutting-off  tool  were  ail  that  were  neces- 
sary for  it.  The  Iwx-tool  is  finished  from  a  mild-ateel  forging, 
which  is  first  centred,  and  the  stem  E  turned  to  fit  the  hole  iu 
the  turret,  and  both  ends  faced.     It  was  then  located  on  the 
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head  centi'e  lind  set  lo  run  true  in  the  steady  rest>  and  the  hole 
bored  in  the  face  for  the  bushing  G,  which  was  of  tool  steel, 
hardened  and  lapped  to  size,  to  fit  the  stock  to  be  worked.  The 
set-screw  L  holds  it  in  position.  A  hole  is  then  bored  and 
reamed  throngli  tlie  stem  E  for  the  centre-drill  K,  which  is 
fastened  within  it  by  the  headless  screw  M.  Two  cutting -tools, 
I  and  J  rcsi)ectively,  are  let  into  the  box  as  in  the  position 
shown:  one,  /,  for  roughii^,  set  slightly  in  advance  of  the 
other  one,  J,  whicli  finishes.  These  two  tools  are  hardened,  and 
drawn  to  a  light-straw  temper;  a  set-screw  for  each,  on  the  side, 
holds  them  iu  position.  When  using  the  tool,  the  bar  of  stock 
is  held  in  the  spring-chnck,  and  the  tools /and  t/,  in  the  box- 
holder,  set  so  OB  to  rough  down  the  stem  B  of  the  pinion-blank. 
Fig.  175,  as  shown,  leaving  enongh  stock  to  allow  of  a  finishing 
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cut  beiDg  taken  in  the  lathe,  and  then  grinding  them  to  size  in 
a  Lanis  grinder.  Tlie  centre-drill  AT  18  set  so  aa  to  centre  the 
end  of  the  stem  at  the  same  time.  The  use  of  tlie  two  cutters  in 
the  tmx-ttiol,  as  shown,  acts  very  well,  and  reduces  the  time  on 
the  work  considerably,  removing  the  stock— as  it  does — all  in 
one  cut.  The  fastening  of  the  centre-drill,  K,  as  shown,  also 
contributes  to  reducing  the  time,  as  well  as  centring  the  stem 
true. 

TWO  SPECIAL  CHUCKS   FOR  THE  TUREET-LATHE. 

Ill  Fig.  176  are  shown  two  views  of  a  special  chuck  used  for 
boring  and  facing  the  hubs  of  cast  bevel-gears.  This  chuck,  to- 
gether with  the  one  shown  in  Fig,  178,  is  used  for  the  machin- 


ing of  gears  which  are  iised  in  lai^e  quantities  on  cheap  ma- 
cliiiies,  and  their  use  allows  of  the  work  being  produced  in  a 
very  rapid  manner,  and  to  the  degree  of  accuracy  n'<niire<l  and 
as  chejiply  as  possible.  The  cross-sectional  view  of  this  chiick 
with  the  work  in  position  shows  cleivrly  the  design  and  mctliod 
of  construction.  The  body  A'of  the  chuck  is  of  ciist-iroa,  and 
is  bored  out  and  threaded  at  the  back  to  fit  the  spindle  of  the 
turret-lathe.  It  is  then  finished  on  the  face  and  a  clearance-hfile 
bored  at  L,  and  the  tocating-seat  3f  M  for  the  gear  face  (in- 
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-  isbed,  as  shown,  by  using  the  compound  rest,  and  settiug  it  over 
as  required.  The  inside  of  the  chuck  is  then  threaded  for  the 
fast«ning-lld  at  PP.    This  lid  is  also  of  cast-iron,  finished  as 


shown,  witli  two  bandies  at  Q  Q  and  a  clearanee-hole  E  in  the 
centre  for  the  Inib  of  the  work.  Six  pins,  two  of  which  are 
shown  at  X  X,  serve  to  drive  the  work,  by  engaging  the  teeth  of 


the  gear  a.s  shown.  When  in  use  the  chnek  is  screwed  on  to  the 
spindle  of  the  tun-et-hitlie  and  tin-  Hd  Tcnioved,  Tin-  g<!ar,  as 
shown  at  N,  is  then  placed  within  the  clmck,  with  the  driving- 
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pins  within  the  teeth.  The  lid  is  then  screwed  on  and  forces  the 
bevel-face  of  the  gear  against  the  locating-surface  M  M  oi  the 
chuck,  truing  it  and  holding  it  securely.  The  hole  is  then  bored 
at  0,  and  the  hub  faced  by  the  use  of  the  combination  tool 
shown  in  Fig.  177.  By  the  use  of  this  chuck,  the  hole  in  the 
gear  is  bored  and  finished  true  with  the  gear-face,  which  in  cast- 
iron  gears  is  absolutely  necessary,  in  order  for  the  gears  to  run 
well  when  assembled. 

The  chuck  shown  in  Fig.  178  is  of  a  much  simpler  design 
and  construction;  but  is  just  as  useful  and  rapid  in  production 
for  the  class  of  work  for  which  it  is  used  as  the  other.  It 
consists  of  one  body  casting  A  which  is  bored  and  threaded  at 
back  to  fit  the  turret-lathe  spindle,  and  bored  on  the  face  of  tlie 
clearance-hole  at  G  and  at  ^  i^  as  a  truing  point  for  the  gear- 
face  of  the  work  F.  The  work  is  fastened  in  position  by  the  two 
clamps  /  7.  The  spring  E  around  each  of  the  clanlp-studs  con- 
tributes to  the  rapid  locating  of  the  work  and  its  removal  when 
finished.  The  work  is  driven  by  the  stud  steel  pin  L  as  shown, 
and  can  bo  located,  fastened,  and  machined  in  a  v^ery  rapid  man- 
ner, as  a  turn  of  the  thumb-nuts  J  J"  releases  the  clamps,  which 
are  raised  above  the  work  by  the  springs  E  E,  and  the  work  C 
can  be  slipped  out  and  another  gear  located  and  fastened  in  its 
place  in  very  short  order.  The  hole  is  bored  in  these  gears,  and 
the  hub  faced  by  means  of  a  tool  similar  to  the  one  shown  in  Fi^'. 
177.  After  boring  the  hole,  it  is  finished  to  size  by  the  usual 
chucking-reamer  and  finishing  "floating''  reamer,  which  insures 
the  hole  being  round  and  true. 


DETAIL  SKETCHES  OF  TOOLS  AND    FIXTURES    FOR 

MACHINING   PULLEYS. 

The  set  of  tools  of  which  sketches  are  here  shown  were  do- 
signed  by  the  author  for  finishing  countershaft  clutch -pulleys  in 
the  turret-lathe,  and  have  been  very  successfully  used  for  this 
purpose.  It  was  desired  to  turn  out  the  pulleys  in  large  quan- 
tities, and  to  have  the  work  accurately  done,  making  them  dupli- 
cates so  far  as  their  finished  dimensions  were  concerned.     The 
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tools  were  so  coustrueted  that  the  pulleys  could  be  finlBhed  com- 
plete at  one  setting. 

The  type  of  pulleys  which  this  particular  set  of  tools  was  de- 
signed to  machine  is  shown  in  the  two  views  in  Fig.  179,  and 
consists  of  a  six  arm  pulley  of  a  comiuou  type.  The  points  to 
be  macbiued  are  as  follows:  The  hole  was  to  be  lx>red  and 
reamed  and  one  end  of  the  hub  faced ;  the  sidos  of  the  rim  were 
to  be  faced,  and  an  interior  portion  of  the  rim  bored  and  finished 


on  a  very  slight  taper,  as  shown,  for  the  friction  or  rubbing  sur- 
face of  the  chuck  \  aud,  finally,  the  face  of  the  pulley  had  to  be 
crowned  and  finished. 

In  order  to  accomplish  all  these  operations  at  one  handling 
of  the  piece,  all  the  tools  had  to  be  specially  constructed  for  the 
purpose.  They  consisted  of  a  chuck  for  holding  the  work 
while  being  machined,  a  combination  and  boring  hub-facing 
tool,  a  turret  fixture  for  boring  aud  finishing  the  clutch  portion, 
and  a  special  compound  slide-i-est,  with  cutting-tools  at  the  back 
aud  front. 
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Two  views  of  the  chuck  are  showu  in  Figs,  180  and  184,  and 
the  several  parts  of  the  chnck  appear  in  detail  iu  the  other  fig- 
ures.    The  chuck  so  holds  the  work  thut  all  poiutB  to  he  ma- 


ehiued  are  easily  accessible  to  the  cuttiiig-tools.     There  are  nine- 
teeu  parts  iu  the  chuck.     The  body  is  a  forging  of  uiild  steel, 


and  is  bored  aud  threaded  at  the  baek  to  fit  the  Kpiiulle  of  the 
turret-latlie.  Then'  are  three  projecting  Inf;.-*  <iv  false  Jaws  Ji  J, 
as  showu,  and  the  faces  of  these  were  turned  off  to  fonn  thi-ee 
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even  supports  for  tbree  of  the  pulley  anus.     The  outside  snr- 
faces  K  Koi  the  lugs  vere  ttirued  to  a  Boitable  diameter  for  the 


purpose  of  locntiug  the  pulley  in  a.  ceutral  jiositioii  by  meaus  of 
the  luside  of  the  pulley  rim,  which  comes  in  oontact  with  these 
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surfaces  A" /r  when  the  pulley  is  held  in  the  chuck,     Tlic  sur- 
faces Jfiuid  J  of  each  lug,  therefore,  determine  the  position  of 
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the  pulley  with  sufflcient  accura<^^y  fur  iiiacliiiiiug  while  the  anna 
are  clamped  atscurely  by  the  jaws  0  0  0. 

The  construction  aud  operation  of  the  chuck  will  be  clearly 
understood  from  the  engravings,  and  it  will  be  seen  that  the  pul- 
leys can  be  clamped  iu  position  or  removed  very  readily.  The 
thjee  jaws  0  0  0  which  grip  the  spokea  of  the  pulley  and  draw 
them  against  the  faces  t>f  the  false  jaws,  are  moved  in  or  out,  as 
retjiiired,  by  simply  tightening  or  loosening  the  wedge-screw  P, 
which  raises  or  lowers  the  wedges  Jf,  as  shown  in  the  sectional 
view  of  Fig.  184.  In  making  the  chuck  it  is  interesting  to  note 
that  the  finishing  of  the  rectangular  holes  L  and  M,  Fig.  181,  in 


which  slide  the  wedges  N  iind  jaws  0,  was  accomplished  by  the 
use  of  broaches  of  the  type  shown  in  Fig.  188.  For  such  work 
the  broach  should  be  constructed  with  veiy  coarse  teeth  on  the 
lower  end  to  take  out  the  bulk  of  the  stock.  It  will  be  noticed 
that  the  teeth  on  the  two  ends  of  the  broach  are  so  inclined  as  to 
give  shearing  cnts  in  opposite  directions,  the  object  of  this  Iieing 
to  break  off  the  chips  as  the  brooch  passes  thioiigh  the  work. 
The  upper  end  of  the  broach  is  left  perfectly  straight  for  about 
two  inches  and  serves  as  a  "sizer."  The  broaching  of  the  holes 
is  accomplished  by  forcing  the  broach  completely  through  them 
under  the  power-press.  The  machining  of  the  other  parts  of  the 
chuck  presents  no  difficulties  and  will  be  HnderstiKwl  by  reference 
to  the  figures.  All  parts  except  the  body  of  the  chiiek  are  of 
tool  steel,  and  all  wearing  surfaces  were  hardened  and  tempered. 
The  combiuatiou  boring  aud  bub-facing  tool-holder  is  shown 
in  Fig.  180.  After  the  hole  iu  the  pulley  is  bored  aud  the  hub 
faced  by  this  tool,  it  is  finished  by  the  small  chucking  reamer 
and  by  a  finishing  reamer  of  the  "floating  "  type,  to  insure  the 
bole  being  true  and  round. 
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The  special  turret-tool  for  finishing  the  clutch  portion  of  the 
pulley  is  shown  in  Fig.  190,  and  details  of  the  parts  in  Figs.  191, 
192,  and  193.  The  three  cutting-tools  are  held  in  dovetailed 
channels  finished  to  an  angle  of  three  degrees  with  the  centre 
line  of  the  fixture,  this  being  the  angle  of  the  chuck  surface  on 
the  interior  of  the  pulley  rim.     Having  the  grooves  finished  at 
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this  angle  makes  it  easier  to  set  the  cutters  correctly,  and  as  the 
cutters  are  held  by  clamping  they  can  be  adjusted  to  remove  the 
right  amount  of  metal. 

In  Fig.  194:  is  a  plan  view  of  the  special  compound  slide-rest, 
with  the  cutting-tools  in  position.  This  slide-rest  consists  of  the 
main  casting  A,  which  is  fitted  to  the  carriage  of  the  turret-lathe, 
replacing  the  cross-slide;  of  the  compound  rest  B  and  C',  in 
which  the  gashing-  or  rough ing-tools  are  held ;  and  of  the  face 
crowning-  and  finishing-tool  fastened  wuthin  the  main  casting  A 
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in  a  dovetailed  groove  at  the  back,  as  clearly  indicated  in  Fig. 
195.  There  are  seven  roughing-tools  and  two  side  tools,  located 
in  channels  in  the  slide  C  and  fastened  by  the  set-screw  in  the 
strap  2> — the  six  short  ones  for  gashing  the  scale  and  roughing 
oflf  the  face,  and  the  other  two  for  facing  the  sides  of  the  pulley 
rim.     The  face  crowning-  and  finishing-tool  is  located  in  such  a 


178  TOOI^MAKiyCr    AND 

positiou  iu  the  iHidy  plate  A  that  its  cattiiig-edge  will  operate  iu 
a  line  tangent  to  the  [»oriphery  of  the  pulley;  uud  as  the  tool  is 
desigueil  to  make  a  sliearing  cut.  Ihe  uietal  is  i-eiiioved  progres- 
sively from  one  side  of  the  pulley  to  tJie  other,  thus  i-ediieiiig  the 
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strain  and  tho  tendency  to  chatter.  A  plan  of  the  slide-rest  is 
given  in  Fig.  194,  and  in  Fig.  195  is  the  eleviition,  which  also 
shows  the  luauuer  of  holding  the  pnlley  in  the  chuck. 

Referring  to  Fig.  195,  it  will  be  seen  that  the  pulley  is  se- 
cured iu  the  chuck  by  slipping  the  spokes  into  Ihe  notches  of  the 


jaws  and  tightening  the  wedge-acreMH  P  so  as  to  draw  the  spokes 
tightly  against  the  locating- faces,  as  showii.  The  hole  in  the 
pulley  is  then  bored  and  the  hub  faced  by  the  combinalion  tool 
shown  in  Fig.  189,  after  which  the  clutch  portion  is  finished  by 
the  fixture  shown  in  Fig.  190,  the  leading  stud  supporting  the 
work  while  it  is  being  machined,  and  remaiuing  iu  the  hole  until 
the  pulley  has  been  finished.  Tlie  face  gashing-  or  roughing- 
tools  are  next  run  in  and  fed  sidewise  about  /j-inch,  thns  re- 
moving all  that  is  necessary  to  clean  them  up. 
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To  crown  and  finish  tlie  pulley,  the  whole  slide-rest  is  fed 
oat  by  the  croaafeod  screw  of  the  carriage  until  the  entire  cut- 
ting-edge of  the  crowning-  and  finiahing-tool  has  X'^i'^i^*}  l>eueatli 


it  un<l  linisht'd  au<l  sized  fi  to  tlic  shape  and  size  ifiinirtil.  The 
use  of  this  set  of  tools  insures  an  exact  duplieiitiun  of  the  work 
produceil  iit  a  low  cost. 

There  is  one  thing  that  must  not  tx;  lost  sight  of,  when  con- 
structing a  forming-  and  fiuishing-tool  of  the  type  shown  here, 


for  crowning  the  pulley :  -Vs  the  fjico  or  cuttiiig-edgc  is  finished 
and  ground  so  as  to  take  a  shearing  cut,  and  the  tool  is  loi-iited  in 
such  a  position  in  the  main  casting  as  to  give  it  the  requireil 
eleanince-angle,  the  fonutng-fiice  must  bo  finished  its  shown  at 
B,  Fig.  lOfJ.  jVs  the  tool  is  set  at  an  angle  with  the  face  of  the 
pulley,  in  order  to  produce  the  shape  desired,  one  side  ninst  bo 
considenibly  higher  than  the  other,  as  at  B.  This  should  be 
figured  out  and  a  templet  made,  according  to  the  degiif  of  clear- 
ance given  and  the  amount  of  shear  to  the  cutting- face. 
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TOOI^  FOR   MACHIlfLNG   A   SPECIAL   CASTING. 

The  hood-shaped  castiug  shown  in  Fiy.  197  formed  part  of 
an  fWtiical  appliance  which  was  being  maniitactTired  in  lai^e 
numbers  and,  as  it  is  a  characteristic  piece  of  duplicate  work, 


the  method  employed  in  its  production  may  ]iro\-e  nf  interest  to 
my  readers. 

The  operations  ueccaenry  for  machining  this  casting  weie, 
first,  to  drill  and  ream  the  ^-inch  hole  .1;  second,  face  the  base 
if;  third,  fiuish  the  circular  portion  ('  C  j;iven  diameter  and 


taper;  and,  finally,  to  drill  the  :t-i»chliol€S  through  the  centre  of 
each  of  the  four  parts  B.  The  fii-st  and  second  operations  were 
both  performed  in  a  turret-lathe  with  tlie  casting  held  in  a  foiii-- 
jaw  chuck,  as  shown  in  Fig,  198.     The  hole  A  was  first  bored 
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with  the  usual  turret  boriiig-tool  and  reamed  to  size  with  a 
"floating  "  reaiuvr.  The  work  was  then  driveuslowly,  by  throw- 
ing ill  the  Itack  gears;  and  the  second  operation,  that  of  facing 
the  base  B  was  jierformed  by  Ihe  use  of  a  large  face  milling-cut- 
ter, placed  on  an  arbor  which  wjis  held  iu  the  turret-head,  as 
shown  in  Fig.  198.  This  cutter  was  of  the  ordinary  type  of 
facing-cutter,  except  that  the  teeth,  on  the  facing  side,  were 
staggered  to  pre\'ent  chatter.  The  cutter,  which  was  dri\en  hy 
the  key  K  was  held  in  phice  on  the  arbor  by  the  nut  N  and 
washer  71". 

With  this  cutter  it  was  possible  to  machine  a  large  number  of 
castings  before  it  required  to  be  ground. 

The  third  operation,  that  of  finishing  the  cireular  taper  sur- 
faces C  C,  was  accomplished  as  showu  iu  Fig.  199  by  the  use  of 


an  end-mill  in  a  univorsnl  milling-machine.  The  work  was  held 
on  an  arlmr  betwei-n  the  tail  and  dividing-head  centres  and  the 
swivel  carriage  moved  iii-ound  until  the  table  and  arbor  stood  at 
the  desired  angle  with  Ihc  face  of  the  milling-cutter.  After  set- 
ting the  work  so  that  the  desire<l  amount  of  stock  would  he  re- 
moved, tlie  cross-feed  .'icivw  was  clam]>ed,  and  the  work  fed 
against  the  cutter  by  revolving  the  dividing-head  by  hand.  For 
the  liist  opei-ation,  that  of  drilling  the  holes  J>  ]},  the  jig  shown 
in  Fig,  200  was  constnicted.     This  jig  was  made  iu  two  imrts,  a 
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body  cjistitiK  in  which  the  work  was  located,  and  a  lid  ir,  which 
was  hinged  at  one  side  and  carried  the  four  tool-steel  bushiugs 
li  lihy  means  of  which  the  holes  were  located  and  drilled. 

A  hinged  bolt  and  thmnb-nut  Q  served  to  clamp  the  two 
parts  together  when  the  jig  was  ju  use. 

The  bottom  of  the  body  was  bored  out  to  correspond  in  taper 
and  diiuneter  with  the  tai>er  surfaces  of  the  work  at  C  C.  Ex- 
tending inward  from  one  side  of  this  bole  was  a  lug  A'  in  which 
was  fitted  the  slop-pin  Z.     The  stem  of  this  piu,  where  it  fitted 


J 


the  stop-lug,  wa.s  eccentric  with  the  body  of  the  piu,  so  as  to  pro- 
vide for  sidjustmeut,  white  the  screw  J  locked  the  piu  iu  place 
when  the  proi)er  adjustment  was  attained. 

This  piu  was  brought  against  oue  of  the  inner  lugs  of  the 
castings,  as  at  £,  and  thus  located  the  lugs  iu  the  proper  position 
to  l)e  drilled. 

Wheu  in  use  the  swinging  clamp  Q  is  released  and  the  lid  W 
thrown  back.  The  work  is  then  slipped  iuto  the  body  and  lo- 
cated withiu  the  taper  seat  and  against  the  stoi)-piu  Z.  The 
lid  is  then  brought  down  by  grasping  the  liaudle  S  and  as  the 
spring  jiad  V  strikes  the  work,  the  tension  of  the  spring  0  0 
enables  it  to  force  it  tightly  down  ou  the  locatiug-seat .  The  lid 
is  then  held  down  on  the  bitdy  casting  with  oue  hand,  while  the 
swinging  clamp  is  swung  up  and  fiistened  with  the  other.  The 
casting  is  then  drilletl  through  tJie  bushings  B  R.  One  of  the 
best  featui-es  of  the  jig  is  the  impossibility  of  the  chips  and  dirt 
interferiug  with  the  accurate  and  positive  locating  of  the  work. 
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A  MULTI-SPINDLE  DEILLING  AND  TAPPING  AT- 
TACHMENT AND   WOEK  FIXTURE. 

« 

The  special  inulti-spindle  drilling  and  tapping  attachment 
and  its  work  fixture,  shown  in  the  accompanying  illustrations, 
were  designed  by  the  writer.  The  work  shown  in  Rg.  201  is  a 
circular  casting  with  a  large  central  hole  and  six  small  holes  a  a. 
It  was  for  drilling  and  tapping  these  six  holes  that  the  attach- 


FIO.  201. 

ment  here  shown  was  designed,  and  as  it  proved  a  great  cost-re- 
ducer and  allowed  the  required  degree  of  interchangeability  at 
the  minimum  of  cQst,  its  adaptability  for  a  large  variety  of  work 
is  apparent.  It  also  shows  another  use  to  which  the  ever  handy 
— and  often  idle — turret-lathe  may  be  put. 

The  six  holes  for  the  casting  are  equally  divided  around  a 
circle  concentric  with  the  large  hole  c  c,  and  are  drilled  entirely 
through  the  bosses.  The  large  hole  is  bored  and  one  side  of  the 
bosst»s  faced  in  a  preceding  operation  in  the  turret-lathe,  and 
the  keyway  is  let  in  so  as  to  be  in  the  same  relative  position  to 
the  bosses  in  all  of  the  castings. 

Fig.  202  shows,  partly  in  section,  the  fixture  complete  and 
also  several  of  the  main  parts.     Fig.  203  is  a  i)lan,   with  the 
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arraugement  of  the  gears  and  their  relative  positionB  on  the  sta- 
tionary spindle-disk.  As  showu  iu  Fig.  202,  the  attachment 
consists  of  three  main  parts,  of  which  A  is  the  driver,  C  the  sta- 
tionary spindle  and  leading  stud.  The  driver  A,  of  cast-iron, 
was  finislied  first,  boring  it  ont  at  the  back  and  then  threading 
it  to  fit  snugly  the  spindle  of  the  turret-lathe.  A  hole  was  then 
bored  straight  through  from   the  face   at  B  and   threaded  as 


shown,  getting  it  dead  true.     The  front  was  then  faced,  thus 
insuring  the  lulmeation  of  the  entire  surface. 

The  stationary  disk  C,  a  circular  ca.sling  with  Ik^sscs  on  each 
side,  to  the  number  of  thirteen  on  the  front  and  seven  on  the 
back,  was  then  machined.  The  central  hole  for  the  si)indlc  J> 
was  first  lK>red  and  reamed  to  size,  a  mandrel  was  driven  in,  and 
both  sides  were  faced,  leaving  all  the  bos.ses  tlie  siime  height. 
We  were  now  ready  to  locate  and  finish  the  holes  for  the  six 
spindle-gears  IF  and  the  intermediate  gears  K.  A  sinil  of  tool 
steel  was  turned  up,  hardened  and  ground  to  fit  the  eenlral  hole 
in  the  disk  tightly.     We  then  finished  up  six  buttons  of  the  type 
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nsed  for  accurate  jig-making,  and  ground  them  to  |-inch  on  tbo 
outside  aud  the  entls  perfectly  square.  The  central  stud  was 
entered  into  tlie  hole  aud  one  of  ttie  Imttons  was  located  tho 
exact  distance  from  the  centi*  by  using  the  verniein  and  deduct- 
ing the  diameter  of  the  stud  and  button.  The  button  was  then 
fastened  to  the  disk  by  its  screw,  being  located  as  nearly  in  the 
centre  of  the  bosses  as  possible.  The  second  button  was  located 
the  required  distance  fruiu  the  first  and  from  the  centre  of  the 
stud  iu  the  same  manner,  and  this  operatiou  was  repeated  until 
all  six  buttons  wei-e  located. 

The  disk  was  clamped  on  the  lathe  face-plate  and  the  central 
Btnd  removed.     The  first  button  was  trued  and  removed,  aud  a 


^•inch  hole  drilled,  bored,  and  reamed  entirely  through  the  disk. 
The  next  button  was  then  located,  trued,  aud  removed  and  the 
hole  bored  and  finished  iu  the  same  manner;  repeating  until  the 
six  holes  were  finislied.  We  were  now  sure  of  the  accuracy  and 
position  of  the  gesirs  when  placed,  and  the  interchangeability  of 
the  holes  when  drilled.  Itefore  drilling  and  tapping  the  holes 
for  the  six  intermediate  geai-s,  the  gears  wei-e  turned  and  cut. 

The  drill-chnck  spindles  and  geai-s  were  each  in  oue  piece  and 
were  mild-steel  forgings  which  were  fii-st  centred  and  faced  the 
same  length.  The  spindle  portions  G  were  turne<l  to  within 
.005-inch  of  the  finisli  size  and  the  ends  threaded  for  the  nnt. 
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leaving  a  shoiilder  for  the  washer.  The  taper  portion  for  thti 
chuck  vas  turned,  leaving  tlie  same  amount  of  stAck  for  finish- 
ing as  on  the  other  end.  The  gear  portion  H  was  then  finished 
to  the  required  diameter,  and  all  were  fiuished  in  the  grinder, 
with  the  portion  G  a  smooth  running  fit  iu  the  reamed  boles  in 
the  disk,  and  the  sides  of  the  gears  ground  perfectly  fiat  and  true 
with  the  spindles.    The  teeth  were  then  cut 

The  six  iutermedinte  gears  K  also  Mere  of  steel;  and  six 
shoulder -studs  or  screws  were  made  of  tool-steel  for  them.     The 


large,  or  driving-gear  F  was  of  csist-iron  and  was  bored  and 
reamed  to  the  saine  size  sm  the  central  hole  in  the  disk ;  Ihe  sides 
were  ground  as  the  others,  and  a  keyway  let  iu  for  fastening  it 
to  the  spindle  and  Ictvding  stud  D.  The  portion  J>  of  the  stud 
turned  within  the  disk  after  hardening.  A  second  shoulder  was 
left  at  jlf  so  that  the  space  between  it  and  the  first  would  accom- 
modate the  disk  and  the  diiviug  gear.     A  hexagon  was  milled 
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at  Jf  and  the  stud  rediic-ed  for  tlie  remainder  of  its  length,  the 
eud  rounded  to  act  as  a  leading  stud  and  enter  a  reamed  hole  iu 
the  work  fixture  when  iu  opei'atiou,  to  support  it.  The  six  holes 
for  the  Intermediate -gear  screws  were  then  drilled  and  tapi>ed, 
so  that  the  gears  would  occupy  the  positions  showu  in  the  plan. 
After  drilling  and  tapping  the  hole  for  the  stud  B  It  all  parts 
were  assembled,  as  shown,  the  chucks  being  driven  tightly  on  to 
the  spindles. 

The  fixture  for  locating  and  fastening  the  work  is  shown  iu 
Fig.  204.  The  body  casting  is  machiued  first.  After  being  cen- 
tred it  has  the  stem  turned  to  fit  the  hole  iu  the  turret-head.    It  is 


then  reversed  and  held  by  the  finished  stem  in  a  nose-chuck  and 
the  front  is  finislied,  fli'St  taking  a  cut  off  the  two  projecting 
bosses  G  G,  then  finishing  the  seat  for  the  work  and  turning  the 
hub  D  to  fit  nicely  the  lanje  centi'al  hole  in  the  work  (under- 
cutting it  at  the  Ixvck  to  prevent  dirt  or  chips  fi'oni  accumulat- 
ing), and,  lastly,  boring  and  resuning  the  centre  hole  E  for  the 
leading  stud  of  the  drilling  and  tapping  attachment.  Before 
locating  and  letting  in  the  key  ^'in  the  hub  D  (he  lid  was  fin- 
ished and  fastciie<l  to  the  body  casting  and  the  holes  for  the  drill- 
bushings  were  let  in. 

Tliis  lid-casting  is  cireular,  with  a  large  hole  L  in  the  cen- 
tre and  raised  bosses  at  the  opposite  sides  where  it  is  hinged  and 
located  to  the  body  ca.sting.  Thfse  bosses  were  faced  and  a  cut 
was  taken  off  one  side  of  the  casting  for  the  hushiiig-headb  to 
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locate.  The  lid  and  the  body  casting  were  then  clam];)ed  to- 
gether so  that  the  boss  faces  rested  true  with  each  other,  and  the 
hole  for  the  hinge-screw  H  was  let  in,  tapping  it  in  the  body 
casting  and  enlarging  and  reaming  it  to  a  snng  fit  for  the  large 
portion  of  the  screw  in  the  lid.  The  screw  JJ  was  then  let  in 
and  the  hole  I  drilled  and  reamed  for  the  taper  locating-stnd  J. 
We  were  now  ready  to  locate  and  finish  the  bushing-holes.  The 
taper  locating-pin  J  was  forced  in  tightly  and  a  hardened  and 
ground  plug  was  finished  to  fit  tightly  the  hole  E.  Then  by 
using  the  buttons  used  for  locating  the  spindle  holes  in  the 
drilling  and  tapping  attachment  these  six  holes  were  located  in 
the  same  manner.  The  hinge-screw  H  and  the  locatiug-stud  J 
were  then  removed,  the  lid  was  clamped  to  the  face-plate,  the 
buttons  made  true,  and  holes  bored  and  reamed  to  the  required 
size.  The  bushings  K  were  made  of  tool  steel  and  forced  into  the 
holes  in  the  lid.  Three  holes  were  then  drilled  and  tapped  in 
the  body  casting  in  the  positions  shown  by  the  dotted  lines  in 
Fig.  204  to  accommodate  the  clamp -screws.  These  three  clamps 
are  only  used  when  tapping  the  holes,  the  lid  being  then 
removed.  After  the  six  clearance-holes  for  the  drills  and  taps 
were  drilled  and  the  key  let  in  so  that  the  bosses  of  the  casting 
would  cam  approximately  correct,  the  fixture  was  conijilete. 

In  Fig.  205  is  shown  the  manner  of  setting  up  the  mult  i  spin- 
dle attachment  and  the  work  fixture.  The  driver,  or  back  jilate 
of  the  attachment  is  screwed  on  to  the  spindle  of  (he  turret-lathe. 
A  clamp-strap  of  finch  thick  flat  iron,  bent  to  (he  shape 
required,  with  a  hole  in  the  centre  for  the  stud  B  B,  Fig.  213, 
and  the  ends  bent  inward  and  set-screws  let  in,  was  then  secured 
with  the  ends  fastened  to  the  body  of  the  lathe  and  the  stud 
B  B  faAJtened  to  the  strap  by  the  nut,  thereby  loeadng  and  fast- 
ening the  spindle-disk  without  the  possibility  of  shifting  when 
in  operation. 

The  work  fixture  was  located  by  entering  the  stem  into  one  of 
the  holes  in  the  turret-head,  the  slide  moved  uji,  and  the  fixture 
manipulated  until  all  six  drills  entered  the  bushings  of  the  fixt- 
ure. The  fixture  was  then  fastened,  the  lid  wjus  thrown  JKick, 
the  work  or  casting  to  be  drilled  located  by  the  key  on  the  hub 
of  the  fixture,  as  shown,  and  the  lid  or  bushing-plate  relocated 
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by  the  taper  plug.  The  lathe  is  started,  aud  iis  the  driver 
revolves,  and  with  it  the  driving  gear,  the  spindle-dLsk  remaiiis 
stationary,  allowing  the  six  drills  to  turn  at  the  speed  desired. 
The  turret-slide  is  moved  up,  the  six  holes  are  drilled  in  the 
work,  the  finished  piece  i^emoved  and  replaced  by  another,  and 
the  operation  rei>eated.  After  all  the  castings  in  the  lot  have 
been  drilled  they  are  tapped  by  simply  substituting  taps  for  the 
six  drills  and  removing  the  bushing-plate  from  the  work  fixtui-e. 
The  locating  of  the  Ciistings  so  that  alignment  of  the  drilled  holes 
with  the  taps  will  be  ijerfect  is  accomplished  without  any  trouble, 
as  the  keyway  in  the  casting  brings  them  in  the  same  location 
as  in  the  first  or  drilling  operation,  and  the  three  clamps  hold  it 
tightly  in  position.  When  tapping,  the  spindles  are  run  at  the 
proper  speed  and  the  work  is  brought  up  to  the  taps,  the  opera- 
tor keeping  his  hand  on  the  shifter,  and  as  soon  as  the  taps  have 
come  through  the  holes  the  lathe  is  reversed  and  the  taps  are  fed 
out. 


CHAPTER  XIII. 

Special  Tools,  Fixtures,  and  Devices  for  Machining 
Sepetition  Farts  in  the  Screw-Machine. 

FOUR  SPECIAL  BOX-TOOLS  FOR  THE  SCREW- 
MACHINE. 

The  tools  shown  and  described  in  this  chapter  were  desigued 
for  and  used  in  the  screw-machines,  but  many  of  the  desigus  are 
adaptable  with  slight  modifications  to  the  turret-lathe  as  well. 

The  tools  shown  in  Figs.  206  to  209  are  for  makiug  small  tubes 
used  for  perforating  leather  shoe-tips.  These  tubes  run  from 
tV"  ^^  i-inch  in  diameter,  are  made  from  drill  rod,  and  are  re- 
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FIG.  2U6. 

quired  to  be  finished  with  a  smooth  reamed  hole  through  them 
true  with  the  outside,  and  with  one  end  chamfered  to  a  sharp 
edge.  In  producing  the  larger  sizes  of  tulK\s  very  little  trouble 
was  encountered,  but  for  the  smaller  sizes  (and  they  were  re([uired 
in  the  largest  quantities)  much  trouble  was  met  with.  All  trou- 
ble, however,  was  overcome  and  very  good  results  attained  by 
the  use  of  the  tools  shown  herein. 

Fig.  206  is  for  chamfeaing  the  ends  and  centring  the  tubes. 

The  body  or  box  portion,  of  cast-iron,  has  a  hole  through  it  for 
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the  entering-tool  2^ and  its  adjusting-screw  C.  A  hole  is  broached 
through  the  body  for  the  chamfering-tool  C,  at  an  angle  which 
allows  the  face  of  C  to  be  ground  square.  The  bushing  G  is  of 
tool  steel,  is  hardened  and  lapped  to  the  size  of  the  drill -rod. 


Flu.  307. 

By  chamfering  the  end  of  the  tubes  with  this  tool,  l)efore  drill- 
ing and  reaming  the  hole,  a  sharp  edge  can  be  produced. 

Fig.  207  shows  the  tool  for  drilling  the  tubes.  The  drill  is 
held  in  a  split  bushing  by  the  adjusting-screw  K  and  round- 
head screw  N.     The  bushing  L  is  forced  into  the  holder. 

Fig.  208  is  for  cutting  off  the  tubes.  On  account  of  their 
smaller  diameter  it  is  necessary  to  support  the  stock  during  the 
operation.  The  body  of  the  tool  is  of  cast-iron.  The  cutting- 
oflf  tool  is  of  a  somewhat  special  construction.  It  is  of  a  ^  x  i- 
inch  stock  finished  all  over  to  fit  within  the  channel,  and  with  a 


Fig.  206. 


groove  in  one  side  for  the  feather  U.  The  grooves  Fon  the  bot- 
tom are  for  the  collar  of  the  feed-screw  W.  The  cutting  end  of 
the  tool.  T  is  finished  to  the  usual  shape  required  for  such  a  tool ; 
as  narrow  as  possible,  according  to  the  size  of  the  stock.  These 
three  tools  produce  the  perforating  tubes  to  the  degree  of  inter- 
changeability  and  accuracy  required,  and  in  a  very  rapid  man- 
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iier.  The  tfibes,  after  beiug  tliu8  finished,  are  hardened  and 
tempered  to  a  dark  blue,  aud  are  forced  into  radial  boles  in  a 
tni)d-t>teel  disk.  DifTereiit  conibiuatioiis  of  size)^  of  tubes  are 
located  in  these  disks,  to  produce  the  pattern  desired  in  their 
leather  shoe-tips  and  niiscellaueons  leather  findings. 

The  box-tool.  Fig.  209,  is  of  a  distinctly  diflferent  type  from 
those  alx>\'e  described ;  it  is  used  for  pointing  slender  needle  valves 
on  an  incandescent  oil -lamp  of  well-known  make.  It  is  rather  dif- 
ficnlt  to  point  wire  of  small  diameter  by  the  ordinary  means  avail- 
able in  the  screw- machiue,  especially  if  the  points  are  to  taper 


quite  gradually,  as  at  M.  By  the  ordinary  method  the  ontting 
sarface  of  the  tool  would  bo  so  wide  that  it  would  be  almost 
impossible  to  keep  the  wire  true  and  hold  it  sufficiently  rigid, 
The  body  or  box  i>ortion  of  the  tool  is  a  forging  of  mild  steel, 
with  a  i-ectaiignhir  hole  at  B  and  a  tool-steel  bushing  at  ('.  The 
cutting-tool  E  is  fitted  snugly  into  a  square  broached  bole,  the 
side  of  which  is  in  line  with  the  end  of  the  bushing.  The  rear 
end  of  the  tool  is  threaded  for  adjustment  nut  G.  A  bnu^ket  is 
fjLstened  to  the  body  of  the  tool,  and  the  spiral  spring,  which  is 
lequii-ed  to  be  <|uite  stiff,  is  located  as  shown.  A  hole  is  let  into 
tlie  body  at  D  as  cleamnce  for  the  iiiigidar- faced  tool-post  fixt- 
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ure  L.  A  chaunel  F  is  let  into  the  under  side  of  the  i)ointing- 
tool  E,  with  a  taper  side  at  the  rear  coiueiding  with  the  taper 
of  L.  Ill  first  operation  the  cutting  tool  E  is  allowed  to  pro- 
ject, adjusting  it  by  the  nut  G  slightly  beyond  the  centre  bush- 
ing C.  As  the  box-tool  is  brought  up  to  the  work,  the  wire 
enters  the  hole  D.  As  the  tool  E  begins  to  cut,  the  engager  L 
commences  to  force  the  tool  back,  and  continues  to  do  so  until  it 
ceases  to  cut  and  the  wire  is  pointed  as  shown.  The  turret  is 
then  brought  back,  and  the  spring  causes  the  cutting-tool  to 
resume  its  former  position. 

SCREW-MACHIXE  FIXTURES   AND   TOOLS   FOR 
MAKING  SPEED-INDICATORS. 

The  sketches  herewith  are  of  two  special  chucks  and  of  a 
tapping-machine  which  were  designed  by  Mr.  W.  J.  Parker, 
foreman  of  the  Fulton  Machine  Works,  Broooklyn,  the  chucks 
being  used  for  machining  a  casting  (Fig.  210)  which  forms  the 
body  of  a  speed-indicator  manufactured  by  that  firm.  The  work 
on  this  casting  was  the  boring  out  of  the  large  circular  portion 

A  for  the  revolving  dial-plates  of  the  

indicator;  the  facing  of  the  bottom  B  /^T^^"^^ 

and  of  the  hub  around  which  the  dials  illc-filS^  » iMr    ^ 

revolve,  and  the  drilling  of  the  small 
hole  C  in  the  centre  of  this  hub.  All  ( 
this  was  accomplished  in  one  opera- 
tion, after  the  work  had  been  fastened 
in  the  chuck  (Fig.  211).  The  second 
operation  was  the  boring  and  reaming  li^^^^^^*^^^"^  ^  .m^.  m 
of  a  hole  1>  (Fig.  210)  for  the  spin- 
dle of  the  indicator  and  the  finishing  of  a  centre  and  thrust 
bearing  for  the  end  of  it  at  E.  Both  chucks  are  used  in  the 
screw-machine  in  conjunction  with  a  set  of  turret-tools  for  each. 
Fig.  211  shows  the  chuck  used  for  the  first  operation.  It 
consists  of  a  circular  casting  having  a  hub  at  the  back  and  a 
raised  i)ortion  on  its  face  for  holding  the  work.  The  casting  is 
fitted  to  the  screw-machine  spindle,  and  faced  and  bored  to  admit 

the  large  circular  portion  of  the  work  as  shown  at  L,  being  bored 
13 
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to  a  depth  Bofficient  for  the  upi)er  side  of  the  work  to  project 
slightly  above  the  face  11  of  the  chuck.  The  face  of  the  chuck 
is  milled  awiiy  on  each  side  of  the  square  central  portion  H  so 
that  the  work  may  be  easily  located  or  removed.     J  is  a  fiat 


machine-steel  plate,  located  on  the  face  of  the  chucks  by  two 
dowel-pins  iTi" and  fastened  by  the  four  corner  mrevsLLLL. 
This  plate,  while  fastened  to  the  main  casting,  is  bored  suffi- 
ciently to  tightly  clamp  the  edges  of  the  large  circular  portion 
and  for  clearance  for  thecuttinfi-lools.     Fiy.  211  shows  clearly 


how  the  work  is  located  and  clamped  on  the  chuck.     The  work 
is  machined  by  the  usual  tyi>e  of  turret-tools. 

The  second  operatiou  is  accomplished  by  the  use  of  the  chnck 
shown  iu  Fig  212,  which  is  of  distinctly  different  design  from 
that  of  the  chuck  Fig.  211.     It  is  a  circular  hub  backed  casting. 
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with  a  rather  long,  flat,  projectiug  standard  at  H,  fitted,  as  in 
the  other  case,  to  the  screw-machine  spindle  and  liaviug  the  face 
of  H  machined  fiat  and  square  with  the  face  of  F.  TIio  worlj  ia 
located  on  this  projecting  face  at  two  jKiiuts  by  Kand  J;  also 
at  /by  a  circnliw machine-steel  disk  fitting  witliin  the  portion  A, 
Pig.  210,  of  the  work  and  fastened  to  the  face  H,  Fig.  213,  of 


the  chuck  by  screws  and  dowel-pins  (not  shown)  and  at  K  by 
the  steel  plate  J,  which,  as  will  be  seen,  is  faBteneil  by  screws 
and  dowel-pins.  For  clamping  the  work  to  the  chuck  the 
swinging  brsvcket  and  clamping-screw  A'  are  used,  the  construc- 
tion of  which  is  shown  in  llie  cross-section  view  of  Fig.  214, 
where  the  work  is  shown  fastened  upon  the  clmck.  The  work 
machined  in  these  chucks  is,  needless  to  say,  perfeclly  inter- 
changealile. 


MKTHOI)   FOK    FlXISillNd   I>UPLICATK   WORK 
THE   SOREVV^MACHINE. 


IN 


The  special  lools  and  fixtures  here  descrilKHl  were  designed 
for  the  screw -machine,  and  consisted  of  an  improved  driver 
for  the  work;  a  special  arrangement  of  lathe  centres,  and  a  form- 
ing-tool and  holder  which  will  duplicate  work  without  chi^tter- 
ing  and  witliout  regard  to  pres.snre  applied  by  the  operator. 

The  i>articular  piece  of  work  for  which  these  tools  were  de- 
signed is  shown  in  two  views  in  Figs.  215  and  21G  and  is  called 
a  "goose-neck."     It  is  a  brass  casting,  and  is  finished  at  the 
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^H  laiM?r  end  marked  .'1.     Before  liuisliiug  this  siirfiice.  the  casting's 

^H  were  eeutred  at  C,  and  chauifered  slightly  mi  the  inside  at  B. 

^H  Tiie  first  fixture  ni^e  for  the  finishing  opemtiou  wus  tlie  special 

ohack,  a  cross-sect iou  of  which  is  shown  in  Fig.  217.  The  body 
of  tlie  chuck  was  a  catiting  of  the  shape  shown,  and  was  bored 
out  at  C  C.  It  wa.s  first  chucked  in  the  lathe  and  bored  out  and 
threaded  at  G  G  to  fit  the  spindle  of  the  screw  machine,  and  then 


s<iiiai*ed  up.  It  was  then  faced  and  the  riiu  trned.  A  hole  was 
bored  and  threaded  at  D  to  admit  the  eeufre  jB,  which  was  fin- 
ished  with  a  shoulder  at  1*  so  as  to  allow  it  to  rest  squarely 


J 
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against  tlie  face  of  the  chuck.  A  square  liole  was  then  let 
through  the  face  of  the  chuck  to  admit  the  driver  /,  which  was 
made  of  f -iuch  round  tool  steel  aud  bent  as  shown,  and  the  cud  I 
finished  to  a  smooth  fit  within  the  hole  J.  The  round  portion  n 
of  this  driver  was  long  enough  to  allow  it  to  extend  clear  through 
the  screw-machine  spindle,  and  was  connected  to  the  wire-feed 
lever.  This  manner  of  connecting  the  driver  allowed  it  to  be 
forced  out  and  iu,  thereby  ]>crmitling  the  work  to  be  located  ou 
the  centres,  aud  removed  when  finished  without  stopping  the 
machine. 

As  the  edge  il  of  the  work,  Fig,  215,  gives  a  very  narrow  bear- 
ing for  the  tail -centres,  and  as  the  work  revolved  very  fast,  it 


was  not  practical  to  adopt  the  ordinary  centre,  as  there  was  a 
tendency  for  the  end  of  the  work  to  run  hot  and  burr  up.  So,  to 
overcome  this,  the  special  sleeve  and  ruiuiing-cenire,  shown  in  a 
cross-sectional  view  in  Fig.  218,  were  made.  This  fixture  coTisists 
of  a  sleeve  which  wa.s  first  bored  out  and  tapped  at  the  back  end 
for  the  centre  end-thrust  screw  M.  It  Wiis  then  placed  on  an 
arbor  and  turned  taper  on  the  outsido  to  fit  llu^  tail -stuck,  which 
had  been  fitted  to  the  Bcrew-maohine.  The  cnd-thrnst  screw  3f 
was  then  made  with  thrust  end  finished  flat,  hardened  and  pol- 
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ished.  It  was  then  screwed  tightly  into  the  sleeve.  The  run- 
ning-centre K  was  then  made  of  tool  steel  and  finished  to  fit  the 
sleeve  smoothly,  and  tapere<l  at  L  and  the  point  rounded.  This 
end  was  then  hardened  and  polished.  After  an  oil-hole  had 
been  let  into  the  sleeve  and  the  inside  polished  smooth,  the  fixt- 
ure was  finished. 

As  the  manner  of  finishing  the  formed  surface  of  the  work  is 


Fig.  219. 

distinctly  different  from  tne  usual  methods  in  general  use,  and 
as  the  forming-tool  and  holder  are  of  a  novel  design,  they  are 
worthy  of  a  detailed  description. 

By  referring  to  Figs.  219  and  220,  in  which  a  plan  and  side 
view  respectively  of  the  tool  and  holder  are  shown,  the  following 


FlO.  220. 

description  of  them  will  be  intelligently  understood.  The  holder 
is  a  casting  of  the  shape  shown  at  F,  and  was  dovetailed  on  the 
bottom  and  fitted  to  the  cross-slide  of  the  screw-machine  and 
equipped  with  a  i^ck  to  mesh  with  the  feed-gear,  as  shown  at 
N,  Fig.  218.     The  portion  for  holding  the  forming-tool  Q,  Fig. 
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219,  was  then  planed  dovetail,  slanting  upward  to  the  degree 
shown  in  the  side  view  of  Fig.  220.  A  hole  wiis  then  drilled 
and  tapped  through  the  lug  R  to  admit  the  tool  adjusting-screw 
S.  Two  headless  set-screws  T  T  were  also  let  into  the  side,  as 
shown.  The  forming-tool  Q  was  of  f -inch  Hat  tool  steel,  finished 
all  over,  and  fitted  to  the  holder  as  shown.  The  shape  required 
was  then  worked  out  on  the  face  for  its  entire  length,  and  finished 
in  the  milling -machine  with  a  special  fly-cutter,  as  shown  in  Fig. 
218.  The  cutting-face  of  the  tool,  V  V,  Fig.  219,  was  sheared 
olf  to  the  angle  shown,  so  as  to  allow  the  work  to  be  cut  gradu- 
ally. The  tool  M^iis  then  hardened  and  drawn  to  a  light-straw 
temper,  and  the  cutting-face  ground  and  oil-stoned  to  a  keen 
edge.  The  fixture  and  tools  were  now  complete  and  ready  for 
work. 

The  parts  were  set  up  in  the  screw -machine  in  the  relative 
positions  shown  in  Fig.  218.  The  machine  was  started,  and  the 
driver-lever  pulled  back,  thereby  drawing  the  driver  1  into  the 
chuck.  The  work  was  then  placed  on  the  centres,  with  the  por- 
tion (7  on  the  chuck-centres  and  the  face  end  on  the  running-cen- 
tre K,  The  driver-lever  was  then  pulled  out,  causing  the  driver 
1  to  emerge  and  drive  the  work,  the  ruiming-centre  L  travelling 
Mith  it.  The  handle  O  of  the  cross-slide  was  then  pulled  down 
and  the  forming-tool  presented  to  the  work,  cutting  the  fa(5e 
gradually.  And  as  each  portion  of  the  work  was  reduced  and 
finished,  that  point  of  the  tool  passed  the  centre  and  came  out 
under  the  work;  and  as  the  whole  face  was  finished,  the  entire 
cutting-face  of  the  tool  passed  free  and  clear  of  the  work.  The 
driver  1  was  then  drawn  in  (without  stopping  the  machine)  and 
the  tail-centre  drawn  back  and  the  work  i^emoved.  Another  cast- 
ing was  then  located  on  the  centres,  the  driver  sent  out,  and  the 
work  finished  iis  before. 

As  will  at  once  l>e  seen,  the  use  of  the  special  chuck  leduces 
the  time  necessary  to  locate  the  work  on  the  centres,  and  remove 
it  when  finished,  to  tlie  minimum.  And  the  running  tail-centre 
eliminates  the  possibility  of  the  work  running  hot  and  burring, 
as  well  as  the  waste  of  time  in  luljusting  the  centre  against  the 
work*  The  methods  of  finishing  formed  surfaces  by  means  of 
tools  of  the  design  shown  is  meeting  with  more  favor  all  the 
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time,  as  very  wide  and  intricate  forms  can  be  duplicated  on 
round  work  without  any  trouble.  Another  thing,  by  the  use  of 
this  tool  work  can  be  finished,  one  piece  in  exact  duplication  of 
the  other. 

FIXTURES   FOR  FORMING  PIECES   OF   IRREGULAR 

OUTLINE. 

In  the  preceding  chapter  a  fixture  for  forming  pieces  of  ir- 
regular outline  from  the  bar  was  described,  which  fixture  was 
adapted  to  work  having  considerable  stock  to  be  removed.  The 
tool  here  to  be  described  consists  of  a  similar  fixture  for  use  in 
the  screw-machine  for  forming  irregularly  shaped  surfaces,  but 
from  individual  castings  instead  of  from  the  bar,  and  in  which 
less  metal  is  to  be  removed. 

The  article  for  which  this  device  was  used  is  an  improved  gas- 
stove  cock  made  in  two  parts,  each  of  which  is  of  irregular  exte- 
rior outline,  as  shown  in  the  longitudinal  sectional  view  in  Fig. 


Fig.  221. 

221.  The  length  of  the  assembled  cock  over  all  is  4|^  inches, 
and  the  pieces  are  composition  castings  with  the  holes  K  and  F 
cored  in  them.  Certain  preliminary  minor  operations  are  neces- 
sary on  both  parts  1  and  2  before  the  forming-cutter  is  used,  in 
order  to  form  the  threaded  hub  C  C  on  part  1  and  the  threaded 
recess  B  B  in  part  2  for  a  means  of  definitely  locating  them  on 
the  face-plate,  which  operations  will  be  describinl  later  on. 

The  forming-cutter  used  for  obtaining  the  irregular  outline 
surface  is  one  of  the  circular  forming  type  of  cuttei's,  which  is 
shaped  entirely  around  its  exterior  surface,  the  cutting-edge 
being  produced  by  milling  out  a  longitudinal  groove  on  its  exte- 
rior as  shown  in  Figs.  222  and  228.  This  is  the  type  of  cutter 
that  may  l>e  ground  and  reground  almost  indefinitely  without  al- 
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lering  the  shape  of  its  cutting-edge  if  the  body  of  the  cutter  is 
properly  shaped.  The  cutter  shown  in  Figs.  222  and  223,  whicli 
represent  the  cotter  used  for  niachiiiing  the  surface  of  part  2  of 
the  gas-cock,  was  msule  of  tool  steel,  which  was  annealed  and 


-,/^ 


bored  out  at  I)  and  a  key  way  let  down  through  the  entire  length 
at  C,  afler  wliich  it  was  driven  on  to  an  arbor  and  the  ends  fin- 
ished as  shown  at  B  B,  and  the  required  siiape  turned  on  to  the 
outside  from  end  to  cud  to  teinplet,  as  shown.     The  fiuisbiug  of 


this  forming  was  done  very  eariifnlly  by  first  rongliing  it  out  with 
the  usual  lalhe-tools  and  llien  using  a  variety  of  hand-tools  to 
finish  it  (o  shiii>e.  Especial  care  Wiis  taken  to  get  its  entire  sur 
face  smooth  and  free  from  marks,  and  it  was  finished  to  a  dead- 
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'smooth  iiuish  by  mcuus  of  lapping  with  slick,  emery,  and  oil. 
This  was  necessary,  us  (he  work  was  retjuired  to  liave  ii  higli  fin- 
ish after  iwing  machined,  and  iia  tlie  mituner  in  which  the  cutter 
was  presented  to  the  work  allowed  of  its  burnishing  the  same  aa 
800U  !is  tlie  cutting-edge  had  removed  the  required  simount  of 
stock  and  piuwed  the  centre. 

After  being  lapped,  the  cutter  was  set  up  in  the  milling-ma- 
chine and  a  groove  milled  out  to  form  the  cuttiug-edge  from  E  6 


to  F,  as  shown  iu  Fig.  222,  it  being  milled  on  a  spiral,  as  shown 
in  the  face  view,  Fig,  222,  so  as  to  cause  the  cutter  to  rejnove  the 
stock  progressively.  In  fact,  the  cutting-edge  of  the  cutter  was 
finished  in  the  same  manner  ns  a  wide-face  milling -cutter,  except 
that  the  spiral  was  not  quite  as  abrupt.     After  finishing  the  cut- 


tiug-edge iw  shown,  the  cutter  was  carefully  hardened  and  drawn 
to  a  very  light-straw  tempei',  thus  leaving  it  as  hai^d  sis  is  con- 
sistent witli  reliable  cutting. 

The  cnlting-cdge  was  then  ground  on  the  culter -grinder,  and 
cjirefuUy  oil-stoned  so  iis  to  present  a  smooth,  keen  edge  for  iis 
entii-e  length.  The  holder,  or  biiieket,  sliown  in  Fig.  22-'i,  whieh 
supports  the  cutter  and  its  cutter-stud  //,  Fig.  22.5,  was  made 
from  a  forging  with  the  shank  iV^  finished  to  fit  the  large  tool- post 
<if  the  tnrivt-latlie.  The  way  in  whicli  the  cutter  is  mnnnted  in 
the  holder  is  shown  in  Fig.  22;t,  whieh  shows  a  lop  view  of  the 
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cutter  in  place  upon  its  »tu<l  IT  and  llie  hiiudlever  Amounted 
upon  the  projecting  eud  M of  Ihe  stud. 

The  manner  of  usintilhi-  fislnnMiiay  bi-  iinderatood  from  Figs. 


226  and  227 ;  Fig.  22fi  showing  a  fmiit  view  of  Iwth  fixture  and 
work  in  position,  the  fucf-pialc,  the  turret-head,  and  J'ig.  227  an. 


end  view  toward  the  face-phile  to  iiidicale  tile  manner  in  whicli  thi: 
cutting-edge  of  the  cntt<^r  is  presented  to  the  work.  In  machin- 
ing the  work  the  handle  of  the  cross  -tlidc  is  moved  hy  the  left 
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hand  of  the  operator  iiiilil  the  t-uUing-odge  of  the  tool  is  in  Ihe 
position  agEviiist  tlie  work  shown  in  the  cud  view,  Fig.  227,  unrt 
held  there  wilh  the  help  of  the  feed  screw  of  the  cross-slide, 
while  with  (he  right  the  lever  of  the  formiug-lool  is  pulled  for- 
ward. As  the  cutter  i.s  slowly  revolved  in  the  holder  by  the 
pressure  tin  the  lever,  it  cuts  and  removes  tlie  i-equired  amount 
of  stock  progressively,  due  to  its  spiral  cutting-edge,  and  as  tlie 
catting-edge  passes  the  centre  line  the  friction  of  the  finished  por- 
tions of  the  work  i-evoiving  rapidly  against  the  exterior  of  tiie 
cutter  prodiiet'B  a  high  finish  of  its  entire  surface. 

The  cntter  which  was  used  for  milling  part  1  of  the  g!W-cock, 
Fig.  221,  is  shown  in  front  view  and  section  in  Figs.  228  and  229, 
and  in  end  view  in  Fig.  224.     This 
cutter  wiis  made,   tempered  and 


ground  exactly  the  same  as  was  the  other,  and  its  method  of 
use  in  removing  the  stock  nnd  obtaining  the  hurnish  or  polish  is 
identical. 

In  connection  with  tJie  finishing  of  these  gas-stove  cocks  othex 


flxtui-es  wci^e  used  which  may  bo  of  interest.     In  forming  the 
t  Intended  hub  C  C,  parti,  Fig.  221,  ii  pair  of  slip- jaws  for  ii  ivgu- 
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lar  two-jaw  chuck  was  used  for  chucking  tbe  work  while  ma- 
cliiuiug.  These  jaws,  which  are  shown  Id  Fig.  230,  are  of  cast- 
iron;  are  finished  dovetail  to  drive  into  the  jaws  proper  of  tbe 
chuck,  aud  are  located  in  the  proper  relative  {msitions  by  meaua 
of  a  taper-pin  at  R.  The  way  in  which  these  jaws  are  con- 
structed aud  fiuished  to  allow  of  lociiling  the  work  as  shown  is 
evident  fi'om  tbe  sketch.  Tbe  facing 
of  the  sui-face  Jf  Jf  is  accouiplished  by 
meaus  of  a  hollow  mill,  which  difTers 


from  the  type  generallj  used  in  that  it  bia  fifteen  teeth.  Tbe 
hub  C  C  vi  flmshcd  by  the  null  also  the  thread  being  cut  by 
meins  of  i  collipsible  die 

In  Figs    231  and  2t2   ire  shown   the   slip-jaws  which  are 
used  for  the  tirst  and  third  (iperations  on  part  2,  Fig.  221,  which 


contains  the  gas-cock  proper.  Tiiese  two  sets  of  jaws  are  con- 
structed siiniliir  to  the  first  set.  Fig.  230,  and  arc  used  in  the 
same  way.  The  part  shown  at  A,  Fig.  232,  is  for  holding  the 
casting  for  part  2  while  the  surface  at  A  A  iti  being  faced,  the 
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Mnit  lor  tlio  rubber  washer  let  in  at  D  D,  nn<l  the  hole  at  S  bored 
mid  tiipped  to  tit  the  threaded  hub,  pait  1.  The  other  Bet  of 
jaws  iH  used  for  holiliug'part  2  after  being  machined  all  over, 
when  the  taper  hole  for  the  key  J  is  being  let  in  at  8,  Fig.  231, 
which  Hhowij  Ihe  work  locitted  within  the  jaws  aud  the  hole 


lieiii;;  oonlred  in  the  usual  man- 
I  t:iper  liy  menus  of  a  "floating" 


lirilk-d  at  S.  This  hoi.-,  : 
iier,  is  i"panietl  to  Ihe  n'i| 
reanior  of  tlie  usual  l.viK". 

For  tuniiuK  the  wnslier-si-.it  at  D  J>,  in  i>art  2,  the  Hi)ecial  ec- 
e^nitric  I)ox-tnol  shown  in  Tig.  2.'W  was  used,  which  is  of  au  iutcr- 
e^liiig  eonstrnelion.  A  is  a  holder  or  frame,  made  of  cast-iron, 
which  a  shank  portion  at  il  turned  to  tit  tlie  hole  in  the  turret, 
f^is  an  ecwnlrie  hushing  loeatwl  witliin  the  holder  by  the  set- 
wrew //■;  W  Ihe  eultnig-tool;  Fthe  lever  by  which  it  ismiinipii- 
lateil.     Tlie  depth  of  cut  is  regulated  by  adjusting  the  lever  slop- 
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screw  t/,  which  is  let  iuto  the  projecting  hig  K  as  shown  in  the 
end  view  of  the  tool.  In  using  this  fixture,  after  the  tool  G  ban 
been  entered  into  the  cored  hole  in  the  work  the  required  dis- 
tance, the  lever  i^is  raised  slowly  until  it  rests  against  the  stop- 
screw  J,  which  determines  the  proper  depth  of  cut,  then  it  is 
dropped  and  the  tool  backed  out. 

A  novel  drill-jig  wjis  designed  for  use  in  boring  the  six  in- 
clined air-draught  holes  leading  into  the  combining-chamber  F 
in  part  2  of  the  gas-cock.  The  jig  is  shown  in  plan  and  in 
sectional  elevation  in  Fig.  234,  with  the  work  in  place.  As  is 
shown,  these  six  holes  are  required  to  be  drilled  at  an  angle  with 
the  axis  of  the  casting,  and  also  to  bo  equidistant,  and  an  inter- 
esting design  is  the  result.  A  is  the  body  casting  of  the  jig, 
which  is  machined  on  the  base  at  D,  and  also  on  both  sides  of 
the  projection  B,  to  an  angle  Y  with  the  base,  as  shown.  The 
indexing-device  X  and  the  locating-stud  for  the  work  arc  of  tool 
steel,  hardened  and  ground.  There  are  six  equally  spaced 
notches  in  the  index-plate  which  coincide  in  shai)e  with  the  end 
//"of  the  index-pin  /^  and  locate  the  work  for  the  six  different 
holes.  The  drill -busliing  P  is  located  as  shown  in  the  swing-lid 
Jy  which  is  hinged  within  the  two  sides  K  Koi  the  body  casting 
A  by  means  of  the  pipe  L.  A  hole  O  in  the  lid  allows  clearance 
for  the  work  when  located  in  the  jig;  all  that  is  necessary  for 
removal  l)eing  to  swing  the  bushing-lid  J  back  and  unscrew  the 
work  off  the  locating-stud. 


CHAPTER  XIV. 

The  Construction  and  Use  of  Boring  Fixtures  and 

Similar  Tools. 

THE  DEILL-PRESS  AND   BORING  FIXTURES. 


Onk  of  the  things  that  make  the  lai^e  drill-press  a  valuable 
machiue  tool  is  its  adaptability  for  i)erforming  accurate  opera- 
tions in  the  production  of  interchangeable  parts  by  the  use  of 
simple  and  often  inexpensive  fixtures.  In  fact,  I  do  not  hesitate 
to  state  that  it  runs  the  turret-lathe  a  close  second  for  the  place 
of  the  most  i*apid  and  economical  producer  in  the  shop. 

Now  aside  from  the  adaptability  of  the  drill-pre^  for  jig- 
drilling,  there  is  any  quantity  and  variety  of  work  requiring  to 
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be  bored  which  can  be  handled  to  good  advantage  on  this  ma- 
chine; and  in  this  chapter,  among  other  things,  I  will  devote 
considerable  space  to  describing  and  illustrating  types  for  bor- 
ing-fixtures which  were  designed  to  be  used  on  the  drill -press 

and  have  worked  well  in  practice,  and  their  presentation  will 
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prove  suggestive  fcir  othei-s,  Tli«  practical  ixtiiitu  for  the  Uesiga- 
iug  and  const  ruction  of  llie  Uxturcs  will  assist  tlie  tuol-niakcr  in 
tlic  attainment  of  llic  dt-sin-d  results  witli  east',  iind  dispeiiae 
with  nincli  uniiceessiiry  labor  and  exT>e"8"?. 

IKJKING   AND   FACING   J-'iXTUItE   FOR   "SEXTIT" 
(^ASTIN(iS. 

Tlie  casting  shown  in  sketch  Fig.  235  has  six  nuliating  cylin- 
ders, each  witii  a  cored  bole  througb  it.  It  was  necessary  to 
t)ore  and  finish  the  holes  in  line  with  the  (vntral  hole  E,  and  the 


opjiosite  holes  in  line  with  each  other.  Tlie  jig  .simwn  in  Figs. 
2;tl>,  'I'M,  and  2:{H  wiis  made  for  the  y\h. 

The  coiititi  ln)li^  was  first  hored  and  count crUired,  and  the 
front  faced  at  7>.  It  was  then  driven  on  to  iiii  iirlmr  and  the 
lijick  fiu^ed  at  /'. 

The  jig  consisls  of  an  nngle  ca-tling  witii  a  l«>»s,  faced  on  the 
back  at  II  and  I  n-speetively,  also  a  back  extension  on  the  top. 
After  being  planed  dii  tin-  bottom  and  doveliiilcd  for  the  bush- 
ing-plate A",  bosses  }l  and  L  were  facol  and  the  toji  was  planed 
and  dovetailed  for  the  ui)|«'r  bashing-plate./.  It  was  also  dove- 
tailed on  the  side  I'm'  the  index-pin  bracket  H"  :in<l  the  hole 
bored  for  the  ehtm]»ing-slnd  O. 

The  two  bnshing-|ilates  K  and  ./.  of  nuichinu  steel,  were  lilt«d 
tightlv  into  tbe  dovetaiWl  channels,  lociitc<l  in  line  wilb  each 
14 
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other,  and  fastened.  The  centres  of  the  holes  for  the  bashings 
CTand  F  were  located  by  setting  the  casting  on  its  side  on  a  sur- 
face-plate and  striking  a  line  from  the  centre  of  the  hole  for 
the  stud  O  to  the  plate  J' and  K  with  the  help  of  a  Brown  & 
Sharpe  height-gauge.  The  centre  in  the  opposite  direction,  the 
distance  from  the  face  of  the  boss  if  to  the  centre  of  the  bashings 
U  and   Y  was  also  marked.     The  plates  J  and  K  were  then 
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Fig.  2.J7. 

driven  out  and  the  holes  were  bored  and  the  two  bushings  f^and 
Fwere  made  and  forced  in.  The  plates  were  then  returned  to 
their  respective  positions. 

The  index-plate  JV'and  clamping-stud  0  are  in  one  piece.  It 
was  a  mild-steel  forging.  The  plate  had  on  its  peri])hery  six 
equidistant  square  notches.  The  index-pin  bracket  W,  a  cast- 
ing, was  then  fitted  to  drive  tightly  into  the  dovetailed  channel 
in  the  side  of  the  angle-plate.  The  hole  for  pin  X  wiu^  then 
bored. 

The  pin  was  made  of  tool  steel,  the  end  fitting  the  square 
notches  in  the  index-plate,  and  slightly  rounded  to  enter  the 
notches  easily.     A  stiff  helical  spring  Y  was  made  and  also  a 
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hole  was  di-illed  in  tbe  pin  X  for  the  spring  cross-pin.     After 
the  handle  Z  -waa  made  all  the  parts  were  assembled. 

All  that  remained  to  complete  Uic  lig  was  the  boriug-bar,  Fig. 


239.  and  the  two  sets  of  cutters  B  B  and  I>.     This  bur 
was  of  machine  steel,  tnrueil  ta|>er  at  the  end  to  fit  the 
drill-prcs.s  spitidle,  and  for  the  vest  of  the  length  »  run- 
ning tit  ill  the  bushings  {'  and  V.     The  bar  wa»  small 
enough  to  clear  Ihe  con-d  liolcs.     Two  sets  of  cutlers      B 
were  made,  oiu'  set  for  roughing  and  the  other  for  finish-      | 
ing.     These  cuttci-s  were  fastened  in  Ihe  l)ar  by  taper-       , 
keys.     The  jig  was  stmpped  to   the   table   of  a  largo      *^ 
drill-press.     The  index-plate  N,  with  the  pin  X  in  <me      g. 
of  the  liotches,  was  clamped  and  a  cutting  to  be  bored       b' 
clamped  in  position  on  it,  so  that  the  boring-bar  would 
be  as  nearly  central  as  possible  in  the  cylinder  to  be 
bored.     The  ronghing-cntlers  weiv  then  fiistened  in  the 
bar  and  tbe  holes  were  bori-d.     These  cutt<!rs  were  then 
removed  and  Ihe  finishing  pair  were  substituted  aud  the 
holes  were  finished. 

After  all  six  holes  were  bored,  which  required  only  thrco  a<l- 
jiistmenls  of  the  index-plate,  both  ends  of  all  si.x  cylinders  were 
faced  by  using  the  cutters  D.     All  the  eastings,  of  which  there 
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were  a  large  number,  were  bored  and  f^ed  in  this  manner,  and 
were  fonud,  when  aasembled  with  other  parts,  to  interchange  per- 
fectly. 


DBILL-PEESS   BORING    RIG    FOR   INTERCHANGEABLE 
WORK. 

The  tools  described  in  the  following  were  used  for  boring  and 
finishing  the  cast-iron  shell  shown  at  .B,  Figs.  242-243.  The  part 
finished  is  shown  at  F,  being  a  seat  for  a  brass  ring  that  was  to 
fit  in  snugly  so  as  to  be  air-tight,  and  it  was  also  necessary  to 
have  them  all  exactly  the  same  size.  The  shells  were  being  made 
in  lots  of  five  huudred. 

The  jig  for  holding  the  shells  is  also  shown  in  the  two  viewa 
A  is  the  jig,  of  cast-iron,  which  was  faced  off  on  the  bottom  and 


strapped  true  on  the  face-plate  of  tlic  tulhii  by  \\w-  eai-s  E  K.  It 
was  then  Ixired  out  to  the  sliupe  and  si/o  of  the  slu'lls  at  6' and  a 
hole  bored  in  the  b<3ttom  for  lite  plug  D.  II  wj.s  (hen  nulled  ont 
■  at  three  phices  on  the  top  to  give  the  tlin-e  wings  ]>  clearance. 
The  ping  I>,  made  of  machine  steel,  wiis  llicn  Inrnud  and  finished 
so  as  to  just  fit  the  inside  of  till' shells,  as  shown,  and  then  driven 
into  the  jig  A,  projecting  through  at  the  botloin,  as  shown.  The 
part  projecting  Ihrongh  jnst  fitted  the  cenlix;  hole  in  the  table  of 
the  large  drill-press  in  which  the  boring  was  done. 

Figs.  240  and  241  show  the  holder  and  tools  for  boring,  which 
were  made  in  the  following  manner:  G  is  the  holder  ]»ropei\ 
made  of  ciust-iron  with  three  wings,  to  allow  of  n-sing  thi-ee  cnt  ■ 
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ting-tools,  as  we  found  after  oxpL'riiiimit  tliat  tlii»  number  worked 
the  \xtit.  The  tool  was  fii-st  chucked  and  the  hole  /bored  aiA 
reamed  for  llic  shank  J.  It  vns  then  removed  and  the  shank  J 
turned  and  finislied  to  fit  the  spindle  of  tlie  drill-id-ess,  with  a 
Bfaoulder  at  M.     The  other  end  was  turned  down  so  sis  t«  drive 


Bmigl.v  into  the  hold*  i  O  Tlit.  assembltKl  tool  was  then  put  be- 
tween wntres  in  tlit  nulling  ni  ithino  md  the  holes  for  the  tools 
K  K  A' were  laid  out  and  drilUtl  »nd  it  inicd  It  was  then  taken 
out  and  the  holts  lor  llu   mI  stitws  L  L  L  were  drilled  and 


_3-E 


tapiMMi.  Kext,  the  three  cnttinytoolHwcre  made  and  finished  as 
shown.  TluM!  were  lianieiicil  sind  drawn,  uiid  iii,;.-^^!  in  their 
pla<*s,  whii-h  completed  the  boring-tool. 

A  piece  i:f  slcel  the  size  of  the  hole  in  the  (able  was  chucked 
in  the  drill-pit-ss  and  inserted  in  the  hole  in  the  table,  which  van 
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locked,  thereby  setting  it  true  with  the  spindle.  The  jig  A  was 
strapped  on  the  table  by  the  ears  E  E,  with  the  lug  D  in  the 
centre  hole,  and  the  work  put  in,  resting  on  the  bottom  as  shown 
in  the  sketch.  The  plug  D  centred  it  and  the  three  pins  not 
shown  entered  the  holes  in  the  ears  B,  which  prevented  it  from 
truing.  The  holder,  Fig.  240  was  then  set  into  the  sx)indle  and 
the  tools  set  to  cut  exactly  the  right  diameter,  and  after  being  run 
down  to  the  proper  depth  the  spindle-stop  was  set. 

The  rest  was  plain  sailing  and,  except  for  stopping  to  sharpen 
tools  at  long  intervals,  the  pieces  were  turned  out  very  rapidly 
(each  and  every  one  alike)  at  a  very  small  cost  and  much  better 
and  cheaper  than  they  could  have  been  done  by  any  other  prac- 
tical means.  The  saving  in  the  first  one  hundred  shells  paid  for 
the  cost  of  the  tools. 

A  SPECIAL  MACHINE  FOB  BOEING   BRACKETS  AND 

SPINDLE-HEADS. 

When  constructing  sensitive  drill- presses  of  from  one  to  five 
spindles,  the  boring  of  the  hole  for  the  spindle  in  the  upper 
bracket  and  the  spindle-head  is  done  after  all  the  other  work  has 
been  done  and  the  upper  column,  upi>er  bracket,  and  spindle- 
head  jissembled.  In  the  following.  Figs.  244  to  247,  I  show  and 
describe  a  machine  which  was  designed  specially  for  doing  this 
work — that  is,  for  boring  the  spindle  holes  in  drills  of  from  one 
to  five  spindles. 

As  this  tool  or  machine  is  designed  to  be  used  and  fastened 
directly  to  the  columns  while  the  holes  are  being  bored,  the  pos- 
sibility of  error  in  the  alignment  of  the  si)indle  when  assembled 
is  reduced  to  a  minimum ;  also,  the  manner  of  locating  and  fast- 
ening the  tool  to  the  work  while  in  oj^eration  is  ivs  reliable  and 
positive  as  could  very  well  l)e  devised  for  the  class  of  work  for 
which  it  is  used.  The  tool  consists  of,  first,  a  body  casting  ^of 
the  shape  and  design  shown  in  Figs.  244,  245,  and  246.  The 
driving-spindle  Y,  with  a  tight  and  a  loose  r^ll^y,  IF  and  W  W 
respectively,  at  one  end,  and  a  l>evel-gear  V  at  the  other.  In 
the  head  Q  is  the  spindle-driving  gear  with  the  two  driving- 
pins  R  R;  O  is  the  spindle  or  cutter-bar,  and  S  the  bar-driver, 
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vliile // iii  the  tiieaus  for  feeding  t be  pitiioD,  which  eiigikgct^  (lie 
i-iH-k,  on  the  l>ar  or  spindle.  The  sets  J/^Jf  Jf  iu  tbo  lugs 
which  pitywrt  ubove  the  faec  of  Ihe  plate  or  body  casting  showu, 
are  for  bracing  and  holding  set'arcly  the  brackets  and  heads 


while  they  ai-e  being  I 
bored.  ]'  P,  in  the  spin- 
dle 0,  are  the  cuttere, 
while  the  adjustable 
angle  pieces  J  .J.  and 
the  clamping-levers  L7,, 
are  fur  fastening  the  rig 
trite  and  positively  to 
the  columns  while  in  oi)eratioii. 

The  incjuifi  and  ways  called 
into  use  in  the  construction  and 
successful  oiwration  of  the  boring 
rig  are  of  interest  and  Ihcy  will 
be  described  in  turn.  After  the 
l«ody  casting  A  was  secured,  the 
first  thing  done  was  to  bore  and 
finish  the  hole  through  the  head 
B  and  the  tail  O.  The  Kizc  of  the 
hole  in  the  hea<l  B  is  shown  clearly 
in  the  detail  dniwiug  in  Fig.  247. 
The  boring  wa«  iicconipli-shed  by 
strapping  the  casting  lengthwise 

on  an  angle-plate,  which,  in  turn,  was  fastened  to  the  table  of  the 
large  drill-press — first  drilling  a  clearance -hole  through  both 
head  and  tail  largeenonghtoatlowof  the  lHinng-bar(  used  for  fin- 
ishing j,  being  entered  through  both  IheheadBand  the  tail  C,  get- 
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ting  tLem  sipproximately  i-eutral  in  t-acb.  A  biishiugwliicli  jest 
filled  the  liole  in  tbo  centre  of  the  drill-itress  table,  iind  within 
which  the  bar  would  fit  snngly,  Wii3  tlieu  tiippcd  in  and  located  in 
the  table.  This  vrm  for  Btreiigtheiiing  and  C4?iitriug  the  boring- 
bar.  The  bar  and  cutlers  were  then  centred,  the  table  clamped 
iu  position,  when  the  holes  were  Imretl 
and  finished  In  size  required  iu  each.  Tho 
frout  of  the  head  B  was  tlien  fared,  by 
using  a  cutler  tif  sufficient  width. 

We  were  now  ready  to  plane  niF  the 
base.  This  was  dtine  hy  lii-st  seeming  two 
"  V"  bhM;ks,  with  a  tongue  ou  the  bottom 
of  eiich,  by  wliich  they  wpix'  set  dead  cen- 
tral to  each  other  (by  eutering  the  tiingne 
into  the  central  slot  in  the  planer  bed), 
and  a  piece  of  turued  steel  long  enough 
to  extend  about  six  inches  outside  of  each 
of  tlie  holes  bored,  audio  fit  each  of  Ihem 
snngly.  TIte  Cii-stiug  wiis  then  set,  and 
secured  by  resting  the  bar  ou  the  "  V" 
blocks,  and  clamping  and  casting  at  either 
end.  This  made  the  alignment  of  the  bole 
at  a  trne  right  angle  with  the  planer-head. 
The  base  of  tho  casting  A  wastlien  plaue<l 
perfectly  flat  for  ils  entire  length,  as  far 
as  tlie  lugs  or  extensions  F  F,  which  were 
planed  to  the  angle  shown  at  O.  or  the 
same  as  that  of  Ihe  colnnms  ou  wliich  it 
was  to  bo  used.  The  distance  from  the 
centre  of  tiic  liolo  in  the  head  II  and  the 
tail  C  to  the  exti-emo  point  of  the  [)laned 
angle  at  G  was  exactly  one-half  of  Ihe 
width  of  the  dovetailed  slide  of  the  columns.  This  dime,  the 
casting  is  removed  from  the  planer  aud  reset  ou  the  drill-prciss 
by  strapping  to  au  angle-plate,  aud  the  hole  bored  in  D  for  the 
driving-shaft  I'  care  being  taken  to  get  it  at  right  angles  and 
central  with  tho  hole  in  the  head  and  tjiil,  and  the  necessary  dis- 
tance from  it,  to  allow  of  the  two  bevel-gears  U  and  Q  meshing 
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correctly.  This  hole  is  bored  suflicicutly  large  to  allow  of  a 
machine -steel  hushing  F  being  driven  in  to  aet  us  a  bearing. 
The  hole  for  the  rack-pinion  in  the  bosses  E  E  in  also  bored  aiid 


finished,  to  the  size  required  iit  ojmjIi  eud,  in  this  tsetting,  boring 
the  large  part  deep  enough  to  allow  of  the  pinion  being  in- 
serted llK!i'ein.  The  casting  is  then  removed  and  the  holes 
drilled  and  tapped  for  the  four  set-screws  Jf,  and  iilsu  the  slots 
for  the  adjusting-  and  clamping-levers  X />  let  in  nt  K  K,  a& 
shown. 

The  driving -shaft  ywiut  then  made  and  finished,  a»  shown; 
as  were  the  two  pnlleys  Wand  WW.  The  gear  (7  is  keyed  on 
and  tlie  collar  X  keei)B  the  loose  pulley  W  W  in  position.     This 


being  done,  we  were  ready  lo  finish  the  construction  of  the  head, 
and  spindle  or  boring-biir.     This  is  ciearly  shown  in  the  cross- 
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sectional  drawing  in  Fig.  247.  The  first  thing  done  was  to 
finish  the  spindle  or  boring-bar  O.  This  was  turned,  as  will  be 
seen,  with  a  collar  at  (2)  to  rest  against,  and  also  threaded  for 
the  two  jam-nuts  (6).  The  rack  (4)  is  fastened  to  the  centre  of 
the  sleeve  by  letting  it  into  a  channel  ^-inch  deep  in  the  sleeve. 
The  large  shoulder-bushing  is  then  made,  and  is  first  bored  and 
finished  to  the  same  diameter  as  sleeve  (^3),  after  which  it  is 
placed  on  a  mandrel  and  turned  to  the  shape  on  the  outside,  as 
shown,  there  being  two  shoulders,  one  to  rest  against  the  face 
of  the  head  B  and  the  other  to  rest  within  the  counterbored 
portion  of  the  gear,  the  smallest  diameter  fitting  the  hole  in  the 
head  B  tightly,  the  projecting  end  of  the  portion  being  threaded 
for  the  two  jam-nuts  N  N.  The  turning  of  the  shoulders,  as 
shown,  allows  of  easily  locating  the  gear  Q,  which  revolves  free 
around  the  outside  of  the  bushing. 

It  is  now  necessary  to  plane  the  channel  (10)  through  the 
entire  length  of  the  bushing;  as  a  clearance  way  for  the  rack  (4). 
This  is  done  as  shown,  breaking  completely  through  the  bush- 
ing for  the  length  of  its  smaller  diameter,  and  to  the  same  depth 
in  its  larger  diameter,  the  stock  left  here  being  sufficient  to 
hold  and  keep  the  bushing  from  expanding  or  warping  from  its 
original  shape.  Two  holes  are  drilled  in  the  face  of  the  gear  Q 
to  admit  the  driving-pins  E  By  which  are  made,  as  shown, 
rounded  on  the  ends,  and  driven  tightly  into  the  gear.  The 
driver  S  is  then  made  of  cast-iron  and  bored  to  fit  the  boring- 
bar  or  spindle  O,  as  shown,  being  counterbored  on  the  face  to 
a  depth  and  diameter  sufficient  to  clear  the  jam-nuts  t/and  the 
sleeve  3.  A  key  is  then  let  into  8  at  (8),  which  fits  freely  the 
Tceyway  Tin  the  spindle.  The  two  holes  (6)  (6)  coincide  with 
the  pins  B  B  in  the  gear  Q,  The  pinion  (11)  and  shaft  or  stud 
(12)  are  finished  in  one  piece,  the  stud  fitting  the  smaller  hole 
in  E  and  the  pinion  resting  against  the  counterbored  back  of  the 
large  one.  The  stud  is  threaded  at  one  end  for  the  adjusting- 
nuts  shown  at  /  7  in  the  other  three  views. 

All  parts  of  the  head  being  complete,  they  are  assembled  as 
shown  in  Fig.  247,  which  allows  of  the  spindle  being  inserted 
and  withdrawn  freely.  After  the  clamping-levers  L  L,  Figs. 
244,  245,  and  246,  and  the  angular  clamps  J" «/ are  finished  and 
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fastened,  all  the  parts  are  assembled  as  shown  in  the  plan  view, 
Fig.  244,  and  the  slots  for  the  cutters  P  P  let  into  the  bar  or 
spindle  O  in  the  position  shown,  at  right  angles  to  each  other. 
The  rig  is  now  ready  for  work. 

The  column,  with  the  bracket  and  heads  in  position,  is  laid 
flat  on  its  back  on  the  bench,  and  the  boring  rig  (with  the  spindle 
slipped  out)  placed  on  the  first  column,  and  fastened  at  G,  Fig. 
244,  by  means  of  the  two  clamps  J,  to  the  dovetailed  surface  of 
it.  The  heiid  of  the  bracket  and  the  &pindle-head  to  be  bored 
project  up  through  the  openings  in  the  centre  of  the  body  cast- 
ing or  base  A,  The  boring-bar  or  spindle  O  is  then  entered 
through  the  head  of  the  rig,  and  through  the  coi-ed  holes  in  the 
bracket  and  head,  and  allowed  to  project  slightly  through  the 
tail  C,  The  set-screws  il/at  each  side  of  the  bracket-head  and 
spindle-head  are  then  screwed  up,  and  adjusted  to  hold  the  heads 
perfectly  rigid  while  they  are  being  bored.  The  cutters  P  P 
are  then  entered  and  fjistened  within  the  bar,  as  shown,  and  the 
driving  belt  shifted  from  t  lie  loose  to  the  tight  pulley.  The  di'iver 
S  is  then  slid  up,  until  the  two  pins  R  R  in  the  geiir  Q  have  en- 
tered the  hole  in  it.  The  spindle  or  boring-bar  is  then  revolving 
at  the  proper  rate  of  speed,  and  is  fed  in  by  grasping  the  handle 
through  \\\(i  part  IT,  the  pinion  of  which  engjiges  the  rack,  on 
the  sleeve  of  the  spindle.  The  spindle  is  fed  in  until  the  holes 
are  bored,  when  it  is  fed  back,  and  the  driver  S  pulled  out  and 
the  cutters  removed,  and  another  si»t  for  finishing  inserted  instead, 
when  the  operation  is  repeated.  When  the  bracket  and  spindle- 
head  of  the  first  column  are  finished,  the  rig  is  removed  and 
clamped  to  the  next  one,  when  the  operation  of  boring  and  finish- 
ing is  repeated,  and  so  on,  until  all  four  heads  and  brackets  have 
been  bored  and  finished  to  size. 

As  can  be  seen,  the  design  and  construction  of  this  boring  rig 
allows  of  its  use  in  the  boring  and  finishing  of  the  heads  and 
brackets  of  all  sensitive  drills  of  from  one  to  six  or  more  spin- 
dles; when  the  sjime  design  and  construction  is  maintained  in 
each.  It  also  allows  of  being  operated  by  comparatively  un- 
skilled help,  without  the  possibility  of  spoiling  the  parts  ma- 
chined by  it.  Its  construction  is  simple  enough  to  satisfy  the 
most  exacting;  while  the  fact  that  it  is  located  while  in  opera- 
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tiou  directly  on  the  columns,  adds  to  the  positiveness  and  aeon- 
racy  of  the  work  produced;  as  it  does  also  allow  of  the  inter- 
changing of  the  parts  machined. 


BORING   DRILL-PRESS  TABLES. 

On  the  one-spindle  drills,  instead  of  the  sliding  table  used  on 
the  others,  a  flat  swinging  table  and  a  small  round  one  are  sub- 
stituted. The  flat  table  shown  at  Ay  Fig.  248,  after  being 
planed  on  all  sides  is  required  to  be  bored  at  F  to  fit  the  turned 
part  on  the  top  of  the  column  on  which  it  swings.  For  finishing 
this  hole — which  was  cored — a  fixture  for  use  in  the  drill-press 
was  designed,  and  also  a  cutter-holder.  The  fixture,  as  shown  in 
Fig.  249,  consists  of  a  flat  casting  with  two  raised  surfaces  at 
B  B  on  which  the  table  rests,  and  the  four  lugs,  G  G  and  D  D 
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for  the  locating-poiuts.  This  casting,  after  ]>eing  machined  on 
the  back,  is  finished  on  the  face  by  first  planing  the  raised  sur- 
faces B  Bj  and  then  taking  a  cut  down  the  front  of  the  lugs 
(7(7  and  1)  D  so  as  to  get  them  at  right  angles  to  each  other 
The  centre  for  the  hole  for  the  bushing  E  is  then  laid  out  and 
located  so  as  to  be  central  with  the  table  sidewise  and  the  proper 
distance  from  the  end  of  tin*  other.  The  hole  is  then  bored  and 
reamed  to  size  reciuired.  The  bushing  TJ  is  then  made  and 
haidened,  and  lapped  and  ground  to  size  required;  then  forced 
tightlj^  into  the  hole  as  shown.  Holes  are  then  drilled  and  coun- 
terbored  at  the  back  for  the  clam])ing-bolts,  G  G.  The  two 
straps  are  of  machine  steel  and  are  bent  at  right  angles  at  one 
end,  as  shown.  The  straps  are  finished  to  a  height  sufficient  to 
allow  of  their  clamping  the  table  secnrely. 

The  cutters  and  holder  are  shown  in  Fig.  249,  and  as  will  l)e 
seen  it  is  a  plain  holder  with  two  rows  of  cutters  set  within  it. 
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The  holder  ilT  is  of  cast-irou  which  i»  first  ceutred  and  turned 
taper  at  one  end  to  lit  ttiu  drill-press  spindle,  as  shown,  and  at 
the  other  end,  J,  to  fit  the  bushing  £'  in  tlic  fixtnre.  The  largest 
portion,  K,  is  turned  to  a  diameter  snflicicutly  smiill  to  allow  the 
cutters  to  project  out  /^  of  an  incli.  The  holes  for  the  cutters 
were  drilled  by  setting  the  holder  on  centres  in  the  universal 
milling -machine  and  indexing  for  five,  then  the  fli-strowof  holes 
L  drilled.  The  second  row  wa^  then  drilled  in  the  same  man- 
ner, i  of  an  inch  higher  up  at  M  and  so  that  each  hole  would 
come  tietween  two  of  the  first  row.  The  cutters  were  made  of 
Stub  steel  f-inch  in  diameter,  and  were  finished  at  one  end  for 
the  cutting-edge,  as  shown.     They  were  then  set  so  that  the  first 


row  Ij  woald  roiifth  t)ut  the  liiile,  and  the  sei'ond  row  of  five  cut- 
ters M  finish  il.  Tliey  were  held  tightly  in  position  by  means 
of  set-sci'ews.  ns  shown. 

When  ill  nse  the  fixture  wjis  strapped  on  the  table  of  the  large 
drill-pres.s,  in  ilie  position  shown  in  Fig.  24t),  by  means  of  a  bolt 
through  each  end,  at  /  I.  The  eutter-holder  wits  then  adjusted 
so  that  the  stem  ./  of  holder  would  be  in  line  with  and  enter 
freely  the  bushing  E.  The  tal>le  to  1m'  boi-ed  was  then  Klr.ip]>ed 
in  position  onllie  fixtun-  .1,  locating  it  sijiiarely  agsiinst  the  lugs 
C  <J  and  D  I>,  asslinwn.  The  stem  ./of  the  cutter-holder  wiis 
then  entered  into  the  bushing  A' and  the  feed  thrown  in  and  the 
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Design,  Manufacture,  and  Use  of  Mllling-CutterB. 
MILLING i-CLTTTERK   CLASSIFIED. 

It  gotts  without  sayiu^  tbat  the  kiug  uf  »U  moderu  cutting- 
tools  is  tlie  milliug-cutter;  for  that  reason  it  cannot  be  too  fiue  a 
piece  of  workiuaiiahip.  Of  what  use  would  be  the  plain  or  uni 
versal  mil liiig- machine  without  iti  In  fact  when  cousidemig 
mill  log -cutters  it  is  well  to  retuember  that  the  milhug  m.ichiue 
was  created  for  it  and  that  all  the  gemusaud  esLelleut  workman 
ship  put  into  these  woiidei-ful  machines  are  tor  no  other  pur 
pose  than  to  rigidly  hold  aud  revoh'e  the  cutter  or  cutteis  at  the 
priipur  speed,  and  to  feed  the  work  to  it  at  a  rate  suited  to  the 
material  being  milled  and  the  type  of  cutter  doing  the  nork 

Milling-cutterH  may  lie  classified  in  four  distiuct  typts.  The 
first  and  probably  the  most  coiumou  form  ih  known  as  tliL  lmiI 


Fig.  252,  lu  wliiL-h  tlic  surface  cut  i.s  parallel  to  the  axis  of  the 
cutter.  This  cutter  has  teeth  ou  its  periphery  only ;  these  may 
be  straight  or  spiral  teeth.  Cutters  of  this  character,  made  ia 
appropriate  widths,  are  used  verj-  much  for  milling  broad,  fiat 
surfaces  and  for  cnttiug  keyways  in  shafts.  For  deep  cule,  or 
for  slitting  metal,  Ihey  are  made  of  large  diameter  and  thin. 
These  are  called  nietul-slittiiig  «:iwsi,  and  are  ground  hollow  on 
the  eidea  for  clearance. 
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The  necond  class  of  cutters  is  known  as  the  radial.  Fig.  253, 
in  which  the  surface  cut  is  perpeudicular  to  the  axis  of  the  cot- 
ter. These  cutters  are  called  radial  because  their  teeth  are  used 
in  a  plane  pai-allel  to  the  radius  of  the  cutter.  End-mills,  face- 
mills,  butt-cutters,  etc.,  are  all  tools  in  this  class. 

The  third  class  of  cutters  is  the  angular,  Figs.  25-1  and  255, 
in  which  the  surface  cut  is  neither  parallel  nor  perpendicular  to 
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the  axis  of  the  cutter,  but  in  at  s*ome  angle  with  this  axis.  Fre- 
quently cutters  are  made  with  two  different  augular  catting  edges, 
in  which  case  the  angle  is  marked  on  each  side,  as  iu  Fig.  255. 

The  fourth  class  of  cutters  is  the  formed  cutter,  as  shown  in 
Fig.  256.  The  cutting-edge  of  this  class  is  of  an  irregular  out- 
line. When  proi>erly  backed  oiT,  those  cutters  can  be  ground 
and  retain  their  original  form.  Gear-cuttei-s,  tools  for  grooving 
taps,  etc.,  are  all  cla'ised  jls  form  cutters. 

Among  the  numerous  engravings  in  this  chapter  will  be 
found  iilastrations  of  a  lai^o  number  of  cutters  which  arc  used 
in  mill  ing-machi  lies.  In  most  cases  it  ia  advisable  to  use  a  cut- 
ter of  small  diameter  rather  than  of  lai^e  diameter.  Gutters 
from  li  to  2  inelifts  iu  diameter  are  the  most  economical  for  gen- 
eral milliug. 

THE  DESIGS   AND   MANUFACTURE   OF  MILLING- 
CUTTERS. 
It  is  conceded  to-day  that  one  of  the  chief  factors  in  bring- 
ing the  process  of  milling  into  universal  use  and  to  the  front 
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Besigu,  Manufacture,  and  Ubc  of  Milling-Cutters. 
MILLINci-(r;TTEIi8   CLAS.SIPIK]). 

It  goes  without  saying  that  the  king  of  nil  modern  ciittiiig- 
toolB  is  the  milling-cutter ;  for  that  I'eason  it  cannot  be  too  fine  a 
piece  of  workmanship.  Of  what  use  would  be  the  plain  or  uni- 
versal milllug-macbine  without  it!  lu  fact,  when  considering 
milliug-cuttei'S  it  is  well  to  remember  that  the  milling-machine 
wits  created  for  it  and  that  all  the  genius  and  excelleDt  workman- 
ship put  into  these  wonderful  machines  are  for  no  other  pur- 
pose than  to  rigidly  hold  and  revolve  the  cutter  or  cutters  at  the 
proper  sjteed,  and  to  feed  the  work  to  it  at  a  rate  suited  to  the 
material  being  milled  and  the  type  of  cutter  doing  the  work. 

Milling- cutters  may  bo  classified  in  four  distinct  tyiws.  The 
first  aud  probably  the  most  commou  form  is  known  as  the  axial, 


Fig.  252,  in  which  the  Hurfiice  cut  is  parallel  lo  Mie  axis  of  the 
cutter.  Tbi.-i  cutter  has  teeth  on  its  periphery  only ;  these  may 
be  straigltt  or  spiriil  teeth.  Cuttei«  of  this  character,  uiade  in 
appropriate  widths,  are  used  very  much  for  milling  broad,  flat 
surfaces  and  for  cutting  key  ways  iu  shafts.  For  deep  cats,  or 
for  slitting  metal,  they  are  made  of  large  diameter  and  thin. 
These  are  called  metal -si  it  ling  saws,  and  are  ground  hollow  on 
the  sides  for  clejinincc. 
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The  necoiid  clasn  of  cutt«rs  is  koown  as  the  radial,  Fig.  253, 
in  which  the  snrface  cut  is  perpeudiciilar  to  the  axis  of  the  cut- 
ter. These  cutters  are  called  radial  l>ecatise  their  teeth  are  used 
in  a  plane  paiallel  to  the  radius  of  the  cutter.  End-mills,  face- 
mills,  butt-cutters,  titc,  are  all  tools  iti  this  class. 

The  third  class  of  cutters  is  the  angular.  Pigs.  254  and  255, 
in  vhich  the  surface  cut  is  neither  parallel  nor  perpendicular  to 


the  .i-^is  of  the  cutter,  but  is  at  some  angle  with  this  axis.  Pre- 
quently  cutters  are  uiiule  wit  h  two  diiferent  augular  cutting  edges, 
in  which  case  the  angle  is  marked  on  each  side,  aa  in  Fig.  255. 

The  fourth  class  of  cutters  is  the  formed  cutter,  as  shown  iu 
Fig,  25C.  The  cutting-edge  of  this  class  is  of  an  irregular  out- 
line. When  jiroperly  biicked  oif,  these  cutters  can  be  grouud 
and  retain  their  original  form.  Gear-cutters,  tools  for  grooving 
taps,  etc.,  are  nil  chissed  sis  form  cutters. 

Among  the  numerous  engravings  in  this  chapter  will  be 
found  illustratious  of  a  large  number  of  cutters  which  are  used 
in  milling-niacliines.  In  most  cases  it  is  advisable  to  use  a  cut- 
ter of  snuill  diameter  rather  than  of  large  diameter.  Cutters 
from  1 J  to  2  inche-s  in  diameter  are  the  most  economical  for  gen- 
eral milliug. 

THE  DI«IGK  AND  M.iSUFACTURE   OF   MILLING- 

currERS. 

It  is  eoncedetl  to-day  that  one  of  tlie  chief  factors  in  bring- 
ing the  process  of  milling  into  universal  use  and  to  the  front 
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rank  of  machine  operations,  was  the  introduction  of  the  emery 
wheel  for  grinding  milling-cutters. 

So  much  attention  has  now  been  given  to  the  milling  process, 
that  in  many  cases  a  degree  of  perfection  has  been  attained  which 
apparently  leaves  little  room  for  improvement.  It  is  still  true, 
however,  that  even  in  up-to-date  shops  the  output  is  below  what 
it  might  be.  Some  firms  undoubtedly  have  developed  milling 
far  beyond  the  rest  of  the  country,  but  as  a  whole  there  is  no 
reason  why  milling  should  not  continue  to  advance  during  the 
present  decade  as  much  as  it  did  in  the  past  one.  It  should 
advance  not  only  in  becoming  more  general  and  more  widely 
applied  but  also  in  the  direction  of  giving  better  results. 

STANDARD  STYLES  AND  SIZES  OF  CUTTER. 

It  is  now  quite  a  common  practice  to  use  cutters  which  are 
not  adapted  to  their  work.  The  number  of  standard  styles  and 
sizes  of  cutters  is  already  enormous,  and  neither  the  manufac- 
turer nor  the  user  can  contemplate  with  equanimity  the  idea  of 
a  large  increase,  and  yet  the  existing  standards  are  inadequate 
for  the  great  vanety  of  work  they  have  to  perform.  The  ordi- 
nary standard  cutter  is  intended  to  be  used  on  cast-  or  wrought- 
iron,  steel,  or  brass,  and  the  recognized  form  hai>  been  evolved 
as  the  l)est  compromise  for  varied  work. 

There  are  many  special  operations  where  the  cutter  passes 
through  different  metals  at  the  same  time,  or  through  mica,  or 
raw-hide  or  paper,  or  where  any  curious  conditions  arise ;  and 
the  best  form  of  cutter  c^m  only  be  arrived  at  by  experiment  on 
that  i^articular  operation.  For  an  individual  job  it  matters  little 
that  a  cutter  is  not  the  Aery  best  design,  but  with  repetition  work 
it  is  serious  to  use  a  tool  which  is  not  capable  of  giving  the  best 
results. 

UNDERCUT  TEETH. 

A  turning  or  planing  tool  for  iron  or  steel  has  top  rake,  as 
well  as  clearance  below,  and  milling-cutters  for  many  operations 
should  have  similar  rake.  From  experiments,  and  from  general 
experience,  it  has  been  demonstrated  that  undercut  teeth  may 
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often  be  used  with  advantage  nnder  the  following  conditions: 
The  machine  shoold  be  powerful,  and  the  cutler-arbor  of  ;uni)lo 
size.  The  pitch  of  the  teeth  should  be  so  coai-sc!  that  only  two 
or  three  may  cut  at  the  same  time.  The  speed  of  cutting  should 
be  slow,  and  the  feed  sufficiently  quick  to  allow  each  tooth  to 
take  a  real  cut.  When  these  con- 
ditions cannot  be  fulfllled,  there 
will  probably  be  no  advantage  in 
departing  from  the  usual  form  of 
tooth. 

Slotting-  or  grooving-cutters, 
spiral  cutters,  and  side-mills  are 
well  adapted  for  undercut  teeth. 
Formed  cutters  may  be  so  made, 
but  there  is  a  diflBculty  with  the 
form.  Thus,  in  Fig.  257  if  the  true  form  roqnirc<l  is  made  along 
the  cutting  face  ^  By  the  cutter  will  leave  a  false  t'oini  to  tlu'  line 
A  C.  The  difference  is  in  most  castas  very  sli*;lit,  and  always  may 
be  allowed  for  in  making  the  cutter,  but  varialioiis  in  ^^inding 
the  face  will  alter  the  form.  It  is  ejisy  in  grinding  them  to  se<» 
when  the  faces  are  radial,  but  it  is  not  sosimi)le  to  give  a  known 
amount  of  rake. 

EXD-MILLS. 


Fl(i. 


The  question  of  undercut  ttn^'th  also  arises  in  the  ease  of  einl 
mills.     Three  methods  of  cutting  the  tei'tli  aie  shown  in  l^'igs. 
258,  259,  and  260.     Fig.  258  shows  an  ordinary  spiral  en<i  mill 


r- 


FUJ.  258. 


Km.  -SA). 


with  right-hiind  teeth  and  left-hand  spiral,  by  which  arrangement' 
the  pressure  from  the  work  always  tends  to  ])ush  the  cutter  into 
its  socket.  This  is  the  correct  form  if  the  cutter  is  to  Im»  uschI 
for  milling  on  the  sides,  if,  strictly  speaking,  it  is  not  to  1m5 
used  as  an  end-mill,  for  which  it  is  unsuitable,  Ihhmiuso  the 
teeth  on  the  end  have  negative  clejirance  and  would  not-  cut 
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freely.  For  end-cutting,  the  ordinary  straight  teeth  shown  in 
Fig.  259  are  more  suitable,  and  in  some  cases  a  right-hand  cutter 
with  a  left-hand  spiral  would  be  best  of  all  (see  Fig.  260).    This 


Fio.  aoo. 

gives  correct  clearance  to  the  end  teeth,  and  when  used  under 
favorable  conditions  such  a  cutter  has  no  more  tendency  to  leave 
its  socket  than  a  twist-drill,  which  is  made  on  exactly  the  same 
principle. 

SIDE  CLEARANCE. 

Standard  cutters  frequently  give  trouble  in  the  matter  of  side 
clearance.  It  is  assumed  that  the  cutter  must  not  lose  its  width 
on  resharpening,  but  there  must  be  some  dishing  on  the  sides,  or 
it  would  be  unworkable ;  accordingly  a  very  slight  clearance  is 
given,  say  one-half  degree  each  side,  which  will  cause  the  cutter 
to  become  two-thousandths  (0.002)  thinner  when  :^-inchhas  been 
ground  away  in  diameter.  The  cutter  would  be  more  service- 
able if  it  had,  say,  one  degn>e  clearance  each  side,  but  that  would 
cause  it  to  lose  its  width  too  soon.  Now  suppose  a  quantity  of 
work  is  required  where  the  width  of  groove  is  not  particular  to. 
one-fiftieth  (0.02)  of  an  inch,  or  where  the  cutter  is  only  used  for 
roughing,  it  would  be  worth  while  to  take  a  sta^ndard  cutter  and 
grind  extra  clearance  on  it.  This  is  particularly  the  case  when 
cutting  brass,  which  is  very  liable  to  bind  on  the  sides. 

INSERTED   TOOTII-CUTTERS. 

The  time  has  now  arrived  when  a  great  development  should 
take  place  in  the  direction  of  cutters  with  inserted  teeth.  The 
obvious  advantages  are : 

1.  That  cheap  material  may  be  used  for  the  body  of  the  cut- 
ter, and  the  very  best  high-speed  cutting-steel  for  the  blades. 

2.  Hardening  difficulties  are  reduced  to  a  minimum. 

3.  When  worn  out  the  blades  may  be  replaced  at  a  small  ex- 
pense. 
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The  great  objection  is  the  first  cost^  particularly  la  the  caae 
of  cutters  less  thau  about  seven-iuch  diameter.  Also  inserted 
blades  are  usually  uot  very  suitable  for  wide  cute.  Tbe  supe- 
riority of  the  iuserted  tooth-cutter  is  most  unquestionable  in  the 
case  of  side-  or  straddle-mills  which  are  mainly  cutting  on  the 
comers. 

One  widely  used  method  of  holdiug  the  blades  is  shown  in 
Fig.  261.  The  blade  A  is  ground  on  the  sides.  The  bush  B  is 
turued  parallel  and  has  a  flat  milled  on  it  at  an  angle  with  the 


centre  line.  This  bush,  which  fits  in  a  recess,  as  ^own,  is  sim- 
ply a  wedge  and  is  knocked  in.  There  is  a  screw  C  to  prevent 
it  coming  loose.  A  second  screw  D,  a  patent  one,  is  shown  for 
ac^iistiug  the  blades  sidewise.  There  seema  to  be  no  reason  why 
these  cutters  shonld  not  largely  displace  solid  side-mills  except 
in  the  smaller  sizes. 


LIMITS  OF   INACCURACY. 

Coming  now  to  the  manufacture  in  quantities  of  cutters,  the 
great  principle  of  "good  enough  "  asserts  itself.  It  must  first  be 
detenniued  exactly  what  "good  euongh"  is,  and  the  drawing 
must  show  that  exactly.  Any  time  spent  in  making  a  mesisure- 
ment  nearer  to  a  dead  size  than  is  calkKl  for  is  a  loss.  Fig.  262 
is  a  working  drawing  of  a  simple  cutter  which  is  to  be  measured 
with  the  micrometer,  and  uot  with  limit-gauges. 

According  to  this  di-awing,  if  has  been  determined  that  if 
error  in  the  thickness  of  a  i-inch  cutter  docs  uot  exceed  one- 
thousandth  (0,001)  of  an  inch,  it  is  good  enough,  Thisi.sclesirly 
shown,  and  the  grinder  must  adhere  to  the  limits  given,  but  must 
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not  waste  time  in  making  every  ^-incli  cutter  to  within  one-half 

tttonsandth  (0.0005)  of  the  nominal  size. 

Again,  it  has  beeu  found  that  about  one-houdredth  (0.01)  is 

a  reasonable  allowance  for  cleaning  out  the  turning  marks  on 
the  sides  after  hardening.  It  is,  how- 
ever, quicker  to  grind  off  a  few  extra 
thousandths  than  to  turn  them  off, 
and  the  lathesman  must  keep  within 
the  limits — ten  to  fifteen  thousandths 
above  ^-iuch.  S:J4t-  ^^  I*^  no  ex- 
cuse for  leaving  too  much  or  too  lit- 
tle for  grinding,  nor  yet  for  wasting 
time  by  tiiking  a  cut  of  two  thou- 
sandths (0.002)  off  the  side. 

It  is  shown  that  the  actual  diam- 
eter is  not  important,  and  the  lathes- 
man  hits  a  limit  of  one-hundredth 
(0.01)  of  an  inch,  which  meaus  that 
tlie  grinder  must  just  clean  out  the 
turning  marks. 

The  drawing  shows  that  the  side 

recesses  may  vary  in  diameter  by  one-tenth  (0,1)  of  an  inch. 

The  clearance  each  side  is  stated  as  one-half  degree,  and  it  is 

essential  that  this  shall  run  out  to  the  extreme  tips  of  the  teeth. 

USE   AND   ABUSE  OF   CT'TTERS. 

A  whole  chapter  miglitwoll  be  de\oted  to  the  use,  abuse,  aud 
maintenance  of  milling  cutters.  A  slignt  reference  only  can 
be  made  to  this  branch  in  a  chapter  dealing  mainly  with  their 
design  and  nianufartnre. 

It  is  a  source  of  great  satisfaction  to  llic  maker  that  when  a 
cutter  is  broken  by  being  run  backwards  on  to  the  work,  the 
breakage  is  characteristic.  A  cutter  may  be  taken  that  lia.s  lie«'n 
spoilt  in  this  way,  and  although  the  man  who  Iniikc  it  will  be 
absolutely  sure  that  it  ran  in  the  ri<;ht  direction,  the  cracks 
down  the  faces  of  the  teeth  tell  a  diffeicnt  story. 

On  many  operations  it  is  of  the  fii-st  importance  to  have  a 
full  flood  of  lubricant;  a  trickle  is  not  sufAcieut. 
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REGRINDING. 

It  cannot  be  too  strongly  insisted  that  it  is  very  wasteful  to 
use  a  dull  cutter.  It  is  as  hopeless  to  mill  successfully  without 
adequate  grinding  arrangements  as  it  would  be  to  turn  satisfac- 
torily with  only  the  door-step  to  sharpen  the  tools  on.  When  a 
cutter  is  changed  in  time,  the  sharpening  should  only  occupy  a 
very  few  minutes  for  most  small  sizes.  If  run  too  long,  the 
grinding  becomes  a  seriims  operation,  which  causes  the  grinder 
to  lose  his  temper,  and  to  draw  the  temper  of  the  cutter. 

When  the  resharpening  cannot  be  accomi)li8hed  by  two  or 
three  passes  over  the  emery  wheel,  the  cutter  should  be  mounted 
on  a  mandrel  and  ground  whilst  revolving  until  the  worn  part 
has  all  been  removed;  and  the  tooth-by-tooth  grinding  should 
be  reserved  for  backing  off  to  give  the  cutting  edge.  Not  only 
is  this  much  the  (flicker  way,  but  there  is  no  risk  of  dmwing  the 
temiHjr  if  ordinary  care  be  exercised. 

It  must  always  Ik?  remembered  that  however  good  a  cutter  is, 
the  cutting-edge  may  lx>  so  damaged  by  a  little  carelessness  in 
giinding  as  to  receive  any  degree  of  injury  up  to  the  point  of 
l)eing  ruined.  It  is  well  to  touch  the  cutting-edge  with  an  oil- 
stone after  grinding. 

As  the  teeth  ai-e  usually  reground  on  a  dry  wheel,  it  is  impor- 
tant that  arrangement  should  be  made  for  exhausting  the  dust 
produced.  Dry  grinding  is  now  recognized  as  a  dangerous  occu- 
pation, causing  lung  diseiises.  The  o|)eration  is  not  capable  of 
imparting  consumption  itself,  but  it  so  irritates  the  throat  and 
lungs  as  to  keep  them  in  an  unhealthy  condition  aiid  render  them 
susceptible  to  consumption  germs.  For  this  reason  the  emery 
wheel  should  be  encloscMl,  as  far  as  possible,  in  a  hood,  and  a 
good  exhaust  provided  by  a  fan  or  other  suitable  means. 

QUALITY   OF  STEEL  TO  USE  FOR  MILLING- 
CUTTERS. 

The  all- important  question  of  the  quality  of  steel  to  he  used 
is  too  often  iguoied.  Self-evident  us  it  is,  the  fact  mav  vet  be 
overlooked  that  two  cutters,  one  made  of  the  best  steel  and 
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one  of  the  worst,  may  be  identical  in  appearance,  and  the  differ- 
ence will  only  become  apparent  in  use. 

In  small  or  complicated  cutters,  in  which  the  cost  of  steel  is 
only  a  small  proportion  of  the  total  cost,  the  amount  saved  by 
using  cheap  steel  is  slight. 

In  large  cutters  of  simple  forms  with  little  machining  on 
them,  where  the  cost  of  steel  is  perhaps  one-third  or  even  one- 
half  the  cost  of  the  finished  cutter,  the  saving  effected  by  using  a 
poorer  quality  of  steel  amounts  to  a  great  deal,  and  may  recon- 
cile the  user  to  an  inferior  cutting  edge.  Good  steel  may  be  re- 
cut,  and  after  the  hardening  the  cutter  should  not  be  i)eroeptibly 
inferior  to  a  new  one. 

SELECTING  A  SET  OF  CUTTERS  FOR  A  MILLING- 
MACHINE. 

A  person  buying  a  milling-machine  for  general  use,  who  has 
not  had  previous  experience,  is  immediately  confronted  with  the 
problem  of  cutters,  and  the  questions  are  frequently  asked,  "  What 
should  I  buy  for  a  starter! "  and  "What  is  likely  to  be  required 
for  my  work!"  It  is  to  this  class  that  these  suggestions  are 
offered  rather  than  to  those  who  by  years  of  experience  and 
study  are  prepared  to  give  counsel  and  are  not  in  need  of  what 
I  have  to  offer. 

To  begin  with,  do  not  under  any  circnmstaneei^  buy  up  a  lot 
of  second-hand  cutters  because  they  can  be  had  at  a  bargain,  as 
they  are  liable  to  prove  very  expensive  in  the  end  for  many  I'ea- 
sons.  Thej'  may  be  unsuited  for  the  work,  out  of  date  in  design, 
and  will  unconsciously  be  copied  in  the  new  cutters  that  are 
made,  or  they  may  lie  worn  away  so  that  further  grinding  is  im- 
possible and  consequently  useless. 

AN  ASSORTMENT  OF  MILLING-CI:TTERS. 

The  tussortmeut  o(  cutters  shown  in  Fig.  263  makes  a  good  set 
to  put  with  the  new  milling-machine.  A  wide  rar.ge  of  work 
can  be  done  with  them,  including  the  making  of  new  cutters  of 
almost  anv  stvle  or  size.  This  set  consists  of  two  of  No.  6  and 
one  mill  arbor,  suitable  for  shell -end  mills  from  2jt  to  5  inches 
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ID  diameter,  and  yo.  7  illustrates  an  end-mill  2^  iocties  in  diam- 
eter to  fit  it.  The  arbor  has  a  threaded  collar  with  tongues  to  fit 
in  the  slots  milled  in  the  back  end  of  the  cotter  for  driving  it. 

The  screw  tapped  into  front  end  of  the  arbor  drops  into  the 
counterbore  in  the  cutter,  thns  keening  out  of  the  way  of  the 


chips  and  holding  the  cutt«r  in  place.  Figs.  264  and  265  show 
two  other  styles  of  eud-mills  and  arbors,  each  having  something 
to  recommend  them.  The  cutters  shown  in  the  group  at  the 
right  arc  tapped  standard,  and  have  a  slot  milled  across  the 
back  end  to  fit  tlie  loose  coUar,  which  is  nseil  to  force  off  the  cut- 
ter and  serve  no  other  purpose.  If  desired,  the  cutter  itself 
could  be  extended  and  milled  to  fit  a  wrench,  the  only  objection 
being  that  the  cutter  would  be  slightly  more  expensive. 

The  arbor  shown  with  cutters  to  fit  in  Fig.  264  has  No.  10 
B.  &  9.  taper  to  fit  in  the  machine,  Ko.  4  Morse  taper  in  front 


to  fit  the  cutters,  and  Woodruff  key  to  do  the  driving.  It  has  a 
nut  to  force  the  cotter  off  and  a  screw  to  hold  it  ou,  the  same  as 
the  screw  in  Xo.  1  of  Fig.  263. 

Tliese  three  styles  of  arbors  and  cutters  are  excellent  and  any 
one  of  them  will  give  good  results.     The  threaded  clutter  is  the 
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cheapest  because  it  does  not  require  internal  grinding  or  lap- 
ping. The  taper-arbor  and  its  cutter  are  perhaps  slightly  more 
expensive  to  make,  becanse  it  is  uecessary  that  the  cutter  be 
ground  internally  to  fit  the  taper.  This  is  to  be  recommended 
when  the  most  accurate  v('ork  is  required. 

SHELL  END-MILLS. 

Shell  end-mills  are  very  useful  cutters  and  will  be  largely 
used  wherever  a  milling-machine  is  supplied  with  them. 

SmaJl  end-mills  should  be  made  solid,  perferably  with  taper- 
shanks  (2f  OS.  3  and  4,  Fig.  263),  as  the  most'  accurate  and  satis- 
factory way  to  hold  them. 

SPINDLE  SURFACE-MILLS. 

The  spindle  surface-mill  (No.  5.  Fig.  263)  is  2J  inches  in 
diameter,  3  inches  face,  and  is  one  of  a  great  variety  listed  by 
the  cutter  manufacturers  whose  ]>ractice  is  to  make  with  straight 


teeth  wlierc  the  face  is  liws  tlian  J-inoh  wide.  Tliis  style  of  cut- 
ter, ill  widths  to  suit,  is  conimoiily  used  for  key-seating. 

Cutters  with  side  teeth  (No.  6)  could  be  used  for  kfy-sealing, 
but  it  is  obvious  lliat  tbey  would  fall  below  size  much  sooner 
than  the  culler  willi  outside  leeth. 

Teeth  milled  Kpinil  will  do  better  work  on  wide  cuts  than 
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when  milled  straight,  on  account  of  the  shearing  out,  and  for 
heavy  roughing  the  teeth  should  be  nicked  by  cutting  a  coarse 
thread  around  the  blank  before  milling  the  teeth. 

The  side-cutter  is  most  useful  in  pairs  for  milling  both  sides 
of  a  piece  at  once,  like  sc£uaring  a  tap-shank ;  the  cutters  oper- 
ating on  opposite  sides  of  the  piece  take  away  any  tendency  to 
spring  and  produce  accurate  work  rapidly. 

GANG-MILLS   AND  INTERLCKIKING  CUTTERS. 

A  gang  of  spiral  surface-cutters  with  side  teeth,  the  inner  pair 
made  interlocking,. is  shown  in  Fig.  266.  The  teeth  are  cut 
spiral,  right  and  left  hand  alternately,  to  balance  any  side-thrust 
and  to  give  top  rake  to  the  side  teeth  doing  the  cutting.  The 
inner  pair  are  made  with  clutch  teeth  to  interlock ;  the  bearing- 
faces  being  scooped  out  to  allow  the  clutch  teeth  to  engage. 
Paper  is  used  to  extend  the  cutter  as  the  sides  are  ground  away, 
maintaining  a  constant  size  and  insuring  interchangeability. 
The  same  cutters  can  also  be  used  for  roughing  and  finishing  by 
taking  out  some  of  the  packing  while  roughing,  and  restoring 
the  cutters  to  the  proper  width  before  taking  the  finishing  cut 

Fig.  266  shows  a  group  of  common  forms.  Care  should  be 
taken  in  grinding  to  have  the  face  of  the  teeth  radial ;  the  ten- 
dency is  to  grind  the  point  more  than  the  base  of  the  tooth,  which 
places  the  cutting-edge  at  a  great  disadvantage. 

Generally  it  is  more  economical  to  buy  standard  cutters  from 
the  maker,  and  in  many  instances  si)ecial  ones  also,  but  it  is  at 
tinier  desirable  to  do  some  of  this  work  at  home,  being  cheai)er 
if  the  toolroom  is  properly  equipped  and  organized,  and  the 
educational  advantage  of  such  work  has  a  distinct  value. 

MAKING   CUTTERS. 

For  making  cutters,  Nos.  10,  11,  and  12  of  Fig.  263  provide 
a  good  outfit.  The  first  two  have  sixty  degree  angles,  one  right 
and  one  left  hand,  and  will  suffice  for  most  straight  tooth  work. 
No:  12  is  for  milling  vspiral  cutters  and  has  twelve  degree  angles 
on  one  side  and  foi-ty  degree  on  the  other. 

Practice  hius  shown  that  it  is  best  to  make  cutters  with  radial 
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teeth.  If  they  are  undercut  so  as  to  give  the  cutting-edge  top- 
rake,  as  in  a  lathe-tool,  it  makes  a  weak  tooth  liable  to  break 
easily,  but  adds  to  the  efficiency  of  heavy  ones. 

There  is  far  more  danger  of  getting  too  many  teeth  than  too 
few  into  a  cutter. 

If  the  cutter  is  small  in  diameter  so  that  it  will  become  too 
thin  if  the  teeth  are  deep,  take  the  first  cut  through  at  the  proper 
depth  and  then  mill  around  again  after  revolving  the  work  so  as 
to  bring  the  pl-oper  angle. 

MOST  VITAL   POINT    IN  MILUXG-MACHINE 

PEACTICE. 

The  most  vital  point  in  milling-machine  practice  is  that  cut- 
ters of  whatever  design  be  kept  sharp.  A  dull  cutter  is  like 
any  other  tool  that  is  dull — its  efficiency  is  greatly  reduced,  the 
work  produced  is  inferior,  and  the  cutter  wears  rapidly  away. 

The  same  principle  applies  to  the  cuttinsr-edge  of  the  milling- 
cutter  as  to  any  other  cuttiugj-tool  for  metal.  If  too  little  clear- 
ance is  ground  it  will  not  cut  well,  and  if  too  much,  it  will  chat- 
ter; about  three  degrees  will  generally  give  good  results. 

SPEEDS  AND   FEEDS   FOR  MILLING-CUTTERS. 

A  subject  upon  which  too  much  cannot  be  written  nor 
thought  given  is  that  of  proper  speeds  and  feeds  for  milling- 
cutters.  Often  the  question  is  asked:  ^^What  i ule  is  there  for 
determining  the  proper  speeds  of  cutters. "  When  a  direct  an- 
swer is  not  given  to  this  question,  the  questioner  is  always  dis- 
satisfied and  usually  discoui-aged.  Of  course  there  is  no  "hard 
and  fast "  rule  for  determining  the  proper  feeds  and  sjieeds  of 
cutters,  and  in  this  book  one  cannot  be  given.  The  texture  and 
hardness  of  the  material  to  be  machined  determines  the  surface 
speed  in  each  case.  Thus,  for  cast-iron,  a  speed  of  forty  feet 
per  minute  may  be  safely  taken  as  a  good  basis  when  taking 
heavy  roughing  cuts,  while  for  light  finishing  cuts  on  the  same ' 
material,  (after  the  scale  has  been  removed)  fifty  feet  per  minute 
is  not  too  fast.     When  working  steel  twenty  feet  per  minute  is 
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not  too  fast,  and  for  brass  sixty  feet  per  minute  is  »  good  basis 
for  dctemiining  the  correct  cutting  speeds  for  these  metals. 

Although  the  hardness  and  texture  of  tho  material  worked 
upon  is  the  chief  factor  to  l)e  considered  wlien  determining  mill- 
ing speeds,  the  nature  of  the  cut  and  the  shape  are  also  verj'  im- 
portant faotoi-8.  Thns,  for  instance,  a  large  slittiiig-saw  can  be 
run  alwut  twice  as  fast  as  a  lai^  surface-cutter  when  working 
on  the  same  mateiinl. 

Sow,  with  reganl  to  the  rate  of  feetls  for  milling,  the  mtwt 
advanced  practice  is  to  take  a  roughiug-cnt  with  the  fastest  feeds 
the  machine  will  pnl! ;  that  is.  provided  the  cntter  is  relatively 
as  strong  in  comparison  as  the  machine  in  which  it  is  used.  If 
tile  nature  of  the  work  requires  a  cutter  of  snch  a  form  a^  to  be 
comparatii'ely  weak,  it  is  often  better  economy  to  break  an  occa- 
sional cntter  than  to  allow  the  machine  to  work  at  a  slow  rate  of 
speetl. 

When  running  a  cntter  at  a  slow  rate  of  speed  and  advancing 
it  at  a  fiist  rate  of  feed  on  cast-iron,  compressed  air,  delivered  to 
the  cutter  with  suflieient  foi'ce  to  clear  away  all  chips  as  fast  as 


they  are  produced,  will  prolong  the  life  of  the  cutter,  even  when 
the  fastest  feeds  are  fed  against  it.  When  working  steel,  a 
stream  of  oil  on  the  cutter  will  have  the  same  effect,  pi-oviding 
the  oil  is  delivered  under  pressure  sudicient  to  wash  away  the 
chips  entirely  from  the  cntter. 

In  regard  to  "burning"  cnttci-s,  or  drawing  the  temi>er  while 
working  them,  it  must  be  undemtood  that  this  will  not  happen 
through  too  fast  a  fei'd,  but  it  is  always  to  be  traced  to  too  high 
speeds.  Thus,  when  l»otli  sjieed  and  fee«l  are  up  to  the  maxi- 
mum, the  actual  nite  of  table  tntvel  per  minute  can  be  further 
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increased  by  reducing  the  speed  of  the  cutter  and  increasing  the 
feed  rate. 

When  taking  finishing  cuts,  the  rate  of  8i)eed  depends  upon 
the  quality  and  degree  of  finish  required.  Here  it  may  be 
stated  that  experiments  have  determined  that  0.030  per  revolu- 
tion of  a  3^-inch  cutter  when  surface-milling  leaves  a  good  fin- 
ish, and  in  machine  work  will  leave  a  surface  that  will  require 
little  scraping  to  make  a  good  bearing. 

Fig.  267  shows  a  collection  of  forming  cutters. 

To  succeed  with  milling-cutters  they  should  be  made  right, 
hardened  proi)erly,  sharpened  regularly,  and  speeded  and  fed 
properly. 

SUGGESTIOXS  FOR  MILLING. 

Experience  in  the  use  of  milling-cutters  will  teach  anyone 
that  unnecessary  expense  and  annoyance  may  be  avoided  by  fre- 
quent and  proper  grinding  of  milling-cutters.  A  dull  mill  will 
not  do  good  work  and  wears  away  very  rapidly.  At  the  first 
appearance  of  dullness,  use  your  cutter-grinder,  it  will  save 
your  cutters,  your  time,  and  your  patience,  and  will  enable  the 
cutters  to  do  their  best  and  most  rapid  work. 

In  order  to  preserve  the  correct  shape  of  fonned  corners, 
grind  the  teeth  radially. 

Xo  definite  rule  can  l)e  given  for  speed  or  feed  of  cutters,  but 
the  usual  tendency  in  all  classes  of  work,  excei)t  for  finishing 
cuts,  is  for  slow  sj^eeds  and  coarse  feeds. 

For  cutting  wrought- iron  or  steel  use  lard,  oil,  or  some  one  of 
the  usual  compounds  manufactured  for  this  puri)ose. 

Small  mills  on  horizontal  millers  will  cut  better  and  faster 
than  larger  mills;  they  also  cost  less  and  will  last  longer. 

Wherever  possible  use  a  mill  that  is  wider  than  the  cut  to  be 
taken. 


CHAPTER  XVI. 

The  Hardening  and  Tempering  of  Milling-Cutters. 

HARDENING. 

Although  the  quality  of  steel  used  for  milling-cutters  is  of 
great  importauce  the  proper  hardening  of  it  is  equally  so.  It  is 
a  fact  that  bad  steel  well  treated  will  make  l>etter  cutters  than 
good  steel  poorly  treated.  The  hardeners  of  such  tools  cannot 
complain  of  a  IjK'k  of  literature,  as  treatises  and  articles  on  the 
subject  are  continually  ai>pearing.  However,  pi*actice  alone  can 
teach  the  details  and  refinements  of  the  most  intei-esting  process 
in  the  making  of  milling-cutters. 

In  the  following,  methods  are  put  forward  for  the  proper 
hardening  of  milling  cuttei^s  which  are  the  result  of  experience, 
and  while  they  are  not  necessarily  the  best,  it  is  claimed  that 
they  have  brought  success  when  used. 

It  pays  to  spend  time  on  filling  blind  holes,  sharp  internal 
angles,  etc.,  with  clay.  In  many  crises  asbestos  should  l)e  used 
with  wire  over  a  weak  place,  or  over  a  part  which  must  be  kept 
soft.  The  furnaces  should  be  in  a  partially  darkened  room 
from  which  direct  siuishine  is  excluded. 

Though  I  have  never  found  any  disadvantage  in  using  cold 
water  for  quenching,  it  is  quite  reasonable  to  supi)Ose  that  water 
containing  a  considerable  amount  of  air  dissolved  in  it  may  not 
cool  the  cutter  so  uniformly  as  it  would  do  if  the  air  had  been 
expelled,  and  therefore  boiled  water  is  to  be  preferred. 

After  machining,  tools  should  have  a  few  days  rest  before 

hardening.     If  they  must  be  hardened  immediately,  they  should 

be  annealed  fii-st,  but  care  must  b(i  taken  to  prevent  a  tendency 

for  the  surface  to  become  decarbonized.     To  accomplish  this,  an 

excess  of  charcoal  should  be  kei)t  near  the  cuttei-s  in  the  furnace 

to  maintain  a  reducing  atmosi)here. 
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HEATING. 

It  is  not  only  necessary  that  the  cutter  should  be  at  the  right 
heat,  and  at  a  uniform  heat,  when  plunged,  hut  it  must  have 
reached  tJiat  heat  gradually  and  uniformly.  If  the  heat  be  applied 
gradually,  the  cutter  may  be  made  hotter  than  the  correct  tem- 
perature, and  yet  not  crack.  If  a  crack  appear  under  these  cir- 
cumstances, it  will  probably  go  through  the  cutter.  If  a  cutter, 
after  being  heated  too  rapidly,  or  allowed  to  get  much  too  hot, 
be  carefully  brought  to  the  right  temperature  in  the  furnace  and 
then  plunged,  the  teeth  may  clink  off.  They  are  certain  to  do 
so  if  it  be  not  nearly  uniform  in  temi)erature  at  the  time  of 
plunging.  In  case  of  a  mistake  in  heating,  a  cutter  should  be 
allowed  to  cool  out,  and  heated  fresh. 

PLUNGIXG. 

The  manner  of  plunging  is  worth  attention.  A  thin  cutter 
should  be  in  a  vertical  plane  when  it  enters  the  water.  If  it 
were  plunged  horizontally,  one  side  would  be  cooled  before  the 
other,  and  would  cause  the  cutter  to  warp.  A  cutter  with  a  long 
hole  should  be  plunged  into  the  bath  with  the  hole  vertical,  to 
allow  the  water  to  circulate  freely.  Cutters  with  large  recesses 
should  be  plunged  with  the  recess  uppermost — to  allow  the  steam 
to  escape.  The  object  gener«dly  is,  in  the  first  place,  to  cool 
symmetrical  parts  simultaneously ;  and,  secondl^^  to  let  the  water 
have  free  access  to  every  part  without  delay.  Thus  a  long  thin 
reamer  sliould  obviously  be  dipped  endwise,  in  order  that  all 
the  flutes  may  cool  simultaneously,  notwithstanding  the  fact 
that  the  water  would  come  into  contact  with  every  part  in  a 
shorter  time  if  it  were  dipped  horizontally. 

Cuttrrs  luK^d  not  be  cooled  right  out  in  the  water.  They  may 
be  removed  as  soon  as  they  are  so  far  chilled  that  the  temper 
color  would  barely  show  if  they  were  polished  immediately. 
Cutters  of  a  few  pounds  weight  may  be  lifted  from  the  water  as 
soon  as  the  teeth  are  chilled.  In  a  few  minutes  the  heat  from 
the  inside  begins  to  reheat  the  teeth,  and  just  before  the  color 
shows  they  must  be  plunged  again  for  a  second  or  two.     This 
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may  be  repeated  three  or  four  times  or  more,  accordiug  to  the 
size  of  the  cuttei-s.  When  at  last  tliey  are  cool  enough,  they 
should  be  maintained  for  a  few  minutes  at  a  heat  sufficient  to 
just  show  color — a  light  straw — and  then  allowed  to  cool  out  in 
the  air.  In  order  to  see  the  color,  it  will  be  necessary  to  have 
another  piece  with  a  clean  surface  for  comparison. 

WAEPIXG. 

Change  in  shape  in  hardening  may  be  largely  prevented  by 
previous  annealiyg,  by  keeping  to  the  very  lowest  temperature 
that  will  give  sufficient  hardness,  and  by  the  utmost  uniformity 
of  heat  in  every  part. 

LEAD   BATH. 

Long  thin  reamers  may  be  uniformly  heated  in  red-hot  lead. 
It  is,  however,  important,  in  order  to  prevent  the  lead  from 
being  cooled  by  the  immei-sion  of  cold  articles,  and  also  to  avoid 
injury  to  the  articles  themselves  by  too  sudden  heating, that 
reamers  or  other  articles  should  be  independently  heated  to  a 
red  just  below  the  hardening  temperature,  and  the  lead  bath 
should  be  res(*rved  for  the  final  heating,  the  lead  should  be  that 
sold  as  ^'chemically  pui^e, "  and  when  in  use  there  should  be  a 
great  abundance  of  small  charcoal  floating  on  the  surface  to  pre- 
vent the  formation  of  dross  which  would  cling  to  the  teeth. 

DEGREE  OF   HARDNESS. 

Whether  heated  in  lead  or  not,  the  teeth  of  a  finished  cutter 
should  be  as  hard  as  a  good,  new,  smooth  file.  They  should 
scratch  ghuss. 

INJURY  IN  HARDENING. 

It  has  been  stated  above  that  steel  nmy  be  overheated,  and 
yet  not  crack  if  the  heat  be  very  uniform.  This  point  must  be 
strongly  insisted  upon,  and  claims  careful  attention.  It  means 
that  we  must  not  regard  breakage  Jis  a  dividing  point  between 
good  and  bad  hardening.  It  is  the  division  l>etween  bad  and 
worse.    When  steel  is  badly  treated,  it  will  lose  its  best  propor- 
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tiou  loug  before  the  treatment  is  so  very  bad  as  to  cause  actual 
rapture.  If  in  a  large  hardening  a  considerable  quantity  of  tools 
are  broken,  it  is  probable  that  many  of  the  remainder  are  as  bad 
as  they  can  be  without  actually  breaking ;  but  if  none  are  broken 
it  is  reasonable  to  assume  that  many  are  well  liardened.  A  good 
hardener  need  not  be  afraid  of  occasionally  getting  a  cutter 
barely  hard  enough  or  just  doubtful  in  hardness,  because  a  heat 
which  accomplishes  tliis  will  do  the  steel  no  harm,  and  it  may  be 
rehardened;  meanwhile  the  operator  has  the  satisfaction  of 
knowing  that  the  remainder  of  the  day's  work  is  probably  very 
accurate  indeed. 

There  are  then  two  extremes  which  are  unquestionable.  A 
cutter  which  on  the  one  hand  is  not  hard  enough,  or  on  the  other 
hand  is  broken,  evidently  cannot  be  passed. 

TEST  OF  HARDEXING. 

As  steel  may  be  between  these  obvious  limits  and  yet  be 
damaged,  a  finer  test  is  demanded,  for  if  the  hardener  is  to  hit 
the  exact  point  he  must  know  exactly  what  success  he  -has. 

SAXD-BLASTI^XI. 

For  this  purpose  the  following  method  has  frequently  been 
adopted  with  success.  After  being  hardened  and  tempered  in 
the  usual  manner,  the  cuttei's  are  dipped  in  oil  and  then  sand- 
blasted. If  there  has  been  any  overheating  in  the  furnace, 
though  not  enough  to  do  any  apparent  harifi,  cracks  will  appear 
on  the  faces  of  the  teeth.  These  enieks,  which  are  best  seen  im- 
mediately after  sand-blasting,  are  frequently  so  small  that  they 
cannot  b<»  detected  by  ordiniiiry  means,  and  if  the  teeth  are 
broken  off  the  breakage  will  probably  not  follow  them.  A  cut- 
ter on  which  the  sjind-blast  reveals  numerous  cracks  may  still  be 
quite  passable — indeed,  it  wonhl  have  l)een  considered  perfect 
but  for  this  test.  Here  is  a  means  of  trying  the  work  of  the 
hardener  between  narrower  limits,  and  he  has  a  warning  that  he 
is  giving  too  much  fire  before  a  tool  is  spoilt. 

The  sand-blasted  cutter  also  ])ossesscs  another  advantage  of 
some  importance  in  the  fact  that  if  the  temper  be  drawn  in 


IXTEECIfAXGEABLE  MANUFACTURING.        243 

grinding  sufficiently  to  cause  any  discoloration,  the  tell-tale  line 
will  show  distinctly  on  the  face  of  the  tooth,  and  cannot  be  re- 
moved by  another  pass  along  the  wheel. 

HEATING  AND  HAEDENING  LAEGE  CUTTERS. 

The  following  method  of  getting  a  good  uniform  test  on  a 
large  cutter,  say  about  9  inches  diameter  and  2^^  inches  thick,  in 
an  ordinary  blacksmith  fire  is  over  good,  and  if  followed  out 
carefully  will  result  in  perfect  satisfaction. 

After  getting  a  good  deep  fire,  with  plenty  of  well-coked 
blacksmith's  coal  as  a  foundation,  and  having  the  sides  of  the 
fire  well  banked  up  with  fresh  coal,  the  cutter  should  be  placed 
in  the  fire  and  covered  over  with  "live''  coals  of  coke  and  the 
whole  brought  up  slowly  until  the  cutter  b^ins  to  show  some 
red. 

Then  place  some  dry  pine  boards,  about  one  inch  thick,  over 
the  top  of  the  fire  and  almost  entirely  shut  the  blast  off.  The 
boards  of  course  will  take  fire  and  soon  become  live  coals.  The 
cutter  should  then  be  turned  over  and  a  second  layer  of  boards 
placed  over  the  fire. 

By  the  time  these  are  burned  to  good  live  coals  we  will  have 
a  thorough,  uniform  heat.  Then  after  a  slight  applicatipn  of 
the  blast,  so  as  to  be  sure  to  quench  on  a  rising  heat,  and  two  or 
three  turnings  of  the  cutter  in  the  fire,  in  order  to  keep  the  heat 
uniform,  the  cutter  will  be  ready  to  quench. 

This  may  l)e  done  in  "brine,?  allowing  the  tool  to  remain  in 
the  bath  about  fifty  seconds.  Then  quickly  withdraw  it  and 
place  it  in  a  tank  of  oil  to  finish  cooling.  The  heating  should 
take  about  thirty-five  minutes. 

Although  a  good  gas  furnace  should  be  used  for  such  a  job 
as  the  above,  I  realize  that  this  is  not  always  to  be  had  when 
wanted. 

Finally,  of  hardening,  it  may  be  said  that  it  is  the  most  diffi- 
cult and  the  most  interesting  part  of  cutter-making. 


CHAPTER  XVIL 

Drills   and  Drilling,  Forming-Tools,   Facing-Tools, 
Counterbores,  Boring-Bars  and  Beamers. 

BORING-BARS  AND   REAMERS. 

In  this  chapter  will  be  found  much  iuformation,  compiled 
from  personal  experience,  the  columns  of  technical  journals  and 
notebooks  of  fellow  mechanics — which  will  assist  the  tool-maker 
in  the  designing  and  constructing  of  any  special  snuill  tools 
which  may  be  required  for  special  work  in  the  Una  of  drilling, 
counter-boring  and  boring. 

DEEP-HOLE  DRILLING. 

♦The  process  of  drilling  deep  holes  in  metal  is  a  familiar  one 
in  many  shops,  particularly  where  firearms  are  manufactui-ed  or 
heavy  ordnance  is  constructed.  Since  tlu*.  adoption  of  hollow 
spindles  for  lathes  and  other  nuurliine  tools,  the  methods  for 
machining  the  bores  of  guns  have  lxH?n  employed  in  machine- 
tool  shops  for  drilling  these  spindles;  and  through  this  and  the 
other  means  the  i>rinciples  of  the  operation  have  become  better 
understood.  It  is  not  an  eiusy  matter,  however,  even  with  the 
lK»st  appliance,  to  drill  or  bore  a  deep  hole,  smooth  and  round,  of 
exiictly  the  re(|nired  diameter  from  end  to  end,  and  perfectly 
straight.  While  many  mechanics  arci  familiar  in  a  general  way 
with  the  methods  and  tools  for  doing  this  work,  some  specific 
information  upon  the  subject  will  be  api)reciated  by  those  who 
have  not  had  actual  experience  in  dc^ep-holc  drilling. 

It  is  known  that  a  long  or  deep  hole — that  is,  one  long  in 
proportion  to  its  diameter — is  lx\st  roughed  out  and  finished  by 
using  a  tool  on  the  end  of  a  long  bar,  which  entei*s*the  work 
from  one  end.  This  is  true  whether  drilling  into  solid  metal  or 
boring  and  reaming  a  hole  that  has  already  lH»en  drilled  or  bored 

*  "Mftcljincry." 
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out.  A  boriugbar  wbicJi  exteodB  throngh  the  piece  and  on 
which  is  either  a  stationai-y  or  a  travelling  head,  is  not  satisfac- 
tory for  very  long  work,  owing  to  the  spring  and  deflection  of 
the  bar,  which  is  made  worse  by  the  fact  that  the  bar  must  1)6 
euoagh  smaller  than  the  bore  to  allow  room  for  the  cutter-head. 
WTiile  a  long  hole  may  sometimes  t)e  finished  satisfactorily  by 
means  of  such  a  boring-bar,  by  packing  the  cutter-head  with 
wooden  blocks  which  just  fill  the  i»art  of  the  bore  that  has  been 
machined  aiid  so  support  the  bar,  the  method  ia  fiuidamentally 
wrong  for  long  woik. 

THE  TAVIST-DEILL. 


The  modern  twist-drill 


Lplishcs  all  that  in  attained  by 
\  addition  ouu  Iw  ground 


without  seriously  affecting  the  rake,  and  will  free  itself  from 
chips  more  readily,  owing  to  its  spiral  flutes.  The  lands  of  a 
twist-drill  present  a  laige  cylindrical  Burf:ice  to  bear  against  the 
sides  of  the  hole  and  take  the  side  thrust.  If  the  drill  is  also 
guided  by  a  hardened  bushing,  at  the  point  where  it  enters  the 


ital,  as  in  the  case  of  jig  work,  the  drill  will  have  very  liillc 
chance  to  deflect  and  Ihe  hole  will  be  accurately  located  and  will 
be  quite  true  and  straight. 
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The  twist-drill  in  modified  form  is  also  employed  for  deep 
hole  drilling.  The  hollow  drill  shown  in  Fig.  268,  and  intro- 
duced by  the  Morse  Twist-Drill  Co.,  New  Bedford,  Mass.,  is 
adapted  for  this  purpose,  and  in  Fig.  269  is  the  arrangement  rec- 
ommended by  this  company  for  feeding  the  drill  into  the  work. 
The  drill  has  a  hole  lengthwise  through  the  shank,  connecting 
with  the  grooves  in  the  drill.  The  shank  can  be  threaded  and 
fitted  to  a  metal  tube  which  acts  as  a  boring-bar  and  through 
which  the  chips  and  oil  may  pass  from  the  point  of  the  drill. 
Oil  is  conveyed  to  the  point  on  the  outside  of  the  tube,  as  shown 
in  Fig.  269. 

In  using  the  hollow  drill  the  hole  is  first  started  by  means  of 
a  short  drill  of  the  size  of  hole  desired,  and  drilled  to  a  depth 
equal  to  the  length  of  the  hollow  drill  to  be  employed.  The 
body  of  the  hollow  drill  acts  as  a  stuffing,  compelling  the  oil  to 
follow  the  grooves  and  the  chips  to  fall  out  through  the  hollow 
shank.  The  methods  of  supporting  and  driving  the  work,  and 
of  feeding  the  drill,  are  clearly  shown  in  Fig.  269.  Drills  of 
this  type  are  regularly  manufactured  in  sizes  up  to  three  inches 
in  diameter  by  the  Morse  Twist-Drill  Co.  It  is  stated  that  the 
best  results  are  obtained  when  drilling  crucible  steel  by  I'evolv- 
ing  the  drill  twenty  feet  per  minute,  with  a  feed  of  0.0025-inch 
per  revolution,  while  machine  steel  will  admit  of  a  speed  of 
forty  feet  per  minute,  and  a  feed  of  0.0035-iuch  per  revolution. 

NUMBEK   OF   CUTTING-EDCiES   DESIRABLE. 

When  drilling  a  hole  out  of  solid  stock,  some  type  of  drill 
having  two  lips  or  cutting-edges  is  usually  the  most  feasible, 
and  probably  nothing  will  be  devis<Ml  that  on  the  whole  snrpiisses 
the  twist-drill  for  such  work.  An  end-mill  can  be  us<h1  for  drill- 
ing if  it  hius  a  ^^ centre  cut,"  and  it  will  presently  be  explained 
how  a  tool  with  a  single  cutting-edge  may  be  advantageously 
employed,  particularly  for  deey)-hole  diilling.  The  familiar 
D-drill  is  of  this  type,  and  also  its  niodilication  as  used  by  Pratt 
&  Whitney,  in  drilling  gun-barrels. 

When  it  comes  to  truing  up  or  enlarging  a  hole  previously 
drilled  or  bored,  the  two-lip  drill  is  not  suitable  in  any  of  its 
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fonns.  For  boring  a  true  hole,  Dotbing  can  surpass  a  single- 
pointed  looring-tool,  the  ideal  condition  for  finishing  a  hole  being 
when  the  cutting-point  is  a  leal  diamond,  or  a  rotating  wheel  of 
abrasive  material. 

It  is  obvions  that  when  a  hard  or  soft  spot  is  encountered  in 
boring  with  a  tool  liaviug  a  single  cutting -edge,  only  that  par- 
ticular place  is  affected  by  the  spring  of  the  tool ;  while  with  a 


doable-cutter,  as  shown  iu  Fig.  270,  any  deflection  due  to  irregu- 
larities, 8»ch  as  at  a  or  b,  will  cause  the  tool  to  spring  and  the 
cutting-edge  on  the  opposite  side  to  introduce  similar  irregnlan 
ties  in  the  opposite  side  of  the  bole.  This  is  one  objection  to 
the  two-lip  drill  for  accurate  work. 

With  three  points  the  tool  is  somewhat  better  supported  when 
a  high  place  is  countered,  as  at  Fig.  271,  and  wlien  a  cutting- 
point  strikes  a  low  place,  the  other  two  edges  ai-e  not  moved 
away  from  their  position  so  much,  if  they  arc  opposite  the  first 
edge.  Hence  a  tool  with  three  edges  should  pi-ovc  better  than 
one  with  two,  and  one  with  four,  Fig.  272,  being  better  sup- 
ported, is  better  on  this  account  than  one  with  three,  but  has  the 
disadvantage  of  opi»osite  cutters.  Five  edges,  Fig.  27.1,  ought 
to  give  even  l>etter  results. 

In  general  it  may  be  said  that  in  boring  the  best  results  are 
obtained  when  the  tool  has  a  single  cntting-cdge,  but  if  it  is  de- 
sirable to  liave  more  culting-edges,  a  tix)l  with  several  will  be 
more  satisfactory'  than  one  with  oidy  two.  Any  machinist  who 
has  tried  to  true  up  the  taper  hole  in  a  lathe-spindle,  first  by 
boring  and  then  by  reaming,  will  appreciate  the  snp*'riority  of 
the  boring-tool  over  the  multibhule  n-amcr,  A  reamer  some- 
times refuses  Ut  produce  a  perfectly  rauud  hole  and  will  do  this 
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whether  the  number  of  teeth  is  odd  or  even,  and  this  can  only  be 
prevented  by  spacing  unequally  or  "staggering." 

ADVANTAGES   OF  THE  END-CUT. 

One  trouble  with  reamers,  however,  is  that  the  teeth  neces- 
sarily cut  on  their  side  edges  instead  of  on  their  ends,  and  the 
whole  effect  of  any  unevenness  in  the  hole  is  to  crowd  the  reamer 
to  one  side.  The  same  condition  exists  to  a  less  extent  with  a 
flat  or  twist-drill  where  the  cutting-edges  are  at  an  angle  with  the 
centre  line,  and  the  resultant  of  any  unusual  pressure  is  felt 
partly  as  a  side-thrust  and  partly  as  an  end-thrust.  Now,  by 
making  a  drill  to  cut  squarely  on  its  end,  and  but  very  little  or 
not  at  all  on  its  sides,  the  side-thrust  is  mostly  done  away  with. 

In  Fig.  274  is  a  boring-tool,  with  a»single  cutting-edge,  which 
cuts  on  its  end  and  is  capable  of  drilling  a  true  hole  in  solid 
metal.  It  was  ill usf rated  in  the  August,  1896,  number  of  "Ma- 
chinery." It  consists  of  a  round,  tool -steel  bar,  with  one  end 
flattened  and  ground  to  form  a  cutting-edge,  as  shown.  It  is  de- 
signed to  be  held  in  the  tool-post  of  the  lathe,  in  a  position  per- 


FlG.  274. 


peudicular  to  the  face-plate.  The  inner  edge,  or  corner  of  the 
cutting-edge,  should  be  slightly  rounded,  to  help  support  the 
cutter  and  prevent  chattering,  and  the  width  A  of  the  cutting- 
edge  should  he  from  -^^'  to  ^^  -ii^ch  less  than  the  radius  of  the 
hole  to  be  drilled. 
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DEILLING   DEEP   HOLES  BY   THE  PEATT  & 
WHITNEY   METHOD. 

A  higbly  satisfactory  drill  for  use  in  drilling  deep  lioles  is 
one  brought  out  by  the  Pratt  &  Whitney  Co.,  principally  for  use 
in  connection  with  their  gun-barrel  drilling-machinee.  The  tool 
in  question  is  a  devclopiiicut  of  the  old  D  or  "bognose"  drill. 


vhicb  has  one  futtiiig-lip  only.  It  is  carefully  ground  on  the 
outside  and  is  supplied  with  an  oil-duct  through  which  oil  at 
high  pressure  may  be  brought  direct  to  cutting-edge.  Referring 
to  Fig.  275,  A  is  the  cutting-edge,  B  the  oil-duct,  C  the  chip- 
groove. 

fn  the  milling  the  latter  groove  is  brought  directly  to  the 
centre,  so  that  in  this  respect  the  drill  is  very  free-cutting  as 
compared  with  the  ordinaiy  two-lip  twist-drill,  which  has  a  cen- 
tral web.  In  the  end  view  the  shape  of  the  chip-groove  is  clearly 
indicated.  The  cutting-edge  A  is  radial  and  tbo  bottom  of  the 
groove  touches  the  centre  line  x  y. 

In  sharpening  the  drill  the  high  point,  or  pai-t  first  entering 
the  work,  is  not  in  the  centre,  as  is  usually  the  case  in  drills,  but 
as  per  Fig,  275,  in  which  i>  is  a  crossrsection  of  work  being 
drilled  and  ^the  high  point  of  drill.  Grinding  the  drill  in  this 
.  manner  is  one  of  the  rejisona  for  its  running  trne  or  straight,  the 
teat  F  on  the  work  acting  as  a  support,  to  the  drill,  which,  owing 
to  its  i)eripliery  being  partly  relieved,  would  have  a  tendency  to 
travel  in  a  curve  away  from  its  cnttiug-side.  The  piece  being 
drilled  is  run  at  very  high  speed,  the  periphery  speed  at  the  outer 
diameter  of  the  hole  niniiiug  as  high  as  130  feet  per  minute  on 
machine  steel.     The  feed,  however,  is  quite  tine. 
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These  tools  are  made  of  high-grade  steel  and  left  very  hard, 
so  that  the  flue  feed  has  little  tendency  to  glaze  the  catting-edge. 

In  practice,  the  piece  being  drilled  is  held  and  revolved  at 
one  end  by  a  suitable  chuck  on  the  live  spindle  of  the  machine, 
while  the  other  end,  which  should  be  turned  perfectly  true,  runs 
in  a  stationary  bushing  having  at  its  outer  end  a  hole  of  the  di- 


FIG.  276. 


ameter  of  the  drill.  The  drill  enters  the  work  through  the  bush- 
ing and  is  thus  started  perfectly  true.  See  Fig.  276,  in  which  A 
represents  the  chuck,  B  the  work,  C  the  bushing,  D  the  support 
for  holding  the  bushing,  E  the  drill. 

Through  the  oil -duct  of  the  drill  oil  is  forced  at  a  pressure 
varying  with  its  diameter  from  one  hundred  and  fifty  to  two 
hundred  pounds  per  square  inch.  After  passing  the  cutting- 
edge  the  oil  returns  to  the  reservoir  by  the  chip-groove  C,  Fig. 
275,  forcing  chips  along  in  its  travel.  In  diills  of  large  diame- 
ter, especially  when  working  on  tough,  stringy  material,  the  cut- 
ting-edge is  usually  ground  so  as  to  produce  a  number  of  shav- 
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ings,  instead  of  one  the  full  width  of  the  cutting-lip,  so  that  no 
trouble  is  experienced  in  getting  the  chips  out  of  the  way.  The 
oil,  of  course,  is  used  over  and  over  again,  and  with  a  large  res- 
ervoir will  be  kept  quite  cool. 

The  drill  is  made  up  of  the  drill-tip  and  shank,  the  tip  vary- 
ing in  length  from  four  inches  to  eight  inches,  while  the  length 
of  shank  is  determined  by  the  depth  of  hole  that  is  to  be  drilled. 
Fig.  277  will  clearly  illustrate  the  construction  of  a  small,  com- 
plete drill,  A  being  the  tip,  C  the  shank,  and  D  the  oil-duct. 
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The  shanks  on  small  drills  are  made  from  sirel  tubiiqr  rolled  as 
per  eroes-seetion  a  a.  The  tip  is  earefiilly  lilto«l  ;iih]  ivtldened  to 
the  shank,  which,  it  shonld  be  noted,  isa  little  smaller  in  diiuiieter 
than  the  tip.    The  shank,  with  oil  under  pn«iure.  is  very  stiff. 

The  relief  or  clearance  to  Ihe  cnlting-edge  of  the  drill,  the 
amount  of '-high-point  "of  Ihe  drill  shoukl  l)e  off  centre,  and 
the  nnmber  of  rings  on  the  end  of  the  drill  deitend  entirely  npoQ 
the  material  that  is  to  lie  drilled.     For  instance,  on  very  soft 


stock  the  supporting  rest  tthould  l>o  more  substantial  than  on 
hard  spindle  or  gun  steel,  so  that  it  is  evident  that  on  soft  stock 
the  high  point  sbonid  be  off  centre,  or  much  nearer  to  the  outer 
diameter  than  on  Imnl  stock. 

Fig.  27S  is  A  sketch  of  a  3-inch  drill,  and  the  ri'iider  will  ob- 
tain a  verj-  clear  idea  from  same  of  the  api>eamun^  of  the  to»»l 
we  have  described.  Tliis  figure  ilUistnites  a  drill  ground  on  the 
<jud  so  iis  to  produce  seveial  .shavings. 

BOEIXG   HOLLOW  SPINDLES   WITH    A   HOLU)W 
DRILL. 

♦  In  boring  the  inner  tubes  of  steel  guns  of  large  calibre,  U 
has  long  beeu  the  practice  to  bore  them  with  a  hollow  drill, 
•  "American  lIutlilDlst." 
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leaves  a  core  in  the  ceutre,  so  that  the  entire  metal  re- 
ia  not  coiiverted  into  chips,  but  only  what  might  be 
termed  a  shell  of  it,  tbe  outside  diameter  of  this 
shell  being  practically  equal  to  tbe  bore  and  the 
inner  diameter  being  enough  smaller  to  leave  a 
reasonable  thickness  for  the  drill. 

At  the  works  of  Schneider  &  Co.,  at  Cruesot, 
Frauce,  gun  tubes  are  bored  on  this  plan,  and  it  is 
likely  that  the  same  plan  is  followed  at  Krapp'a. 
It  has  not,  so  far  as  known,  however,  been  ap- 
plied to  the  boring  of  hollow  spindles  for  ma- 
chine tools  until  very  recently,  wheu  it  was  found 
iu  use  in  the  shops  of  Mr.  Dietz  iu  Cinciunati, 
Mr.  Dietz's  shop  being  operated  iu  connection 
with  that  of  the  Lodge  &  Shipley  Machine  Tool 
Company,  and  upon  certain  sizes  of  their  lathes. 
3Ir.  Dietz  uses  in  a  boring-machine  of  the  usual 
type  a  drill  made  like  the  sketch.  Fig.  279, 
which  is  a  hollow  cylinder  with  a  ^\^-inch  pipe 
for  lubrication,  and  the  cutter  is  located  as  showu, 
inclined  somewhat  to  the  axial  plane  in  order 
to  give  a  fop  rake  and  with  Ihe  edge  gashed  in 
order  lo  break  up  the  chips  and  allow  them 
to  be  washed  out  through  the  groove  from  one 
end,  and  then  reversed  and  the  boring  completed 
fiom  the  other  cud.  Tliia  leaves  a  core  of  metal 
which,  as  it  is  worth  a  considerable  amount,  is 
well  worth  aiving,  to  say  nothing  of  the  fact 
that  the  boring  is  more  easily  done  and  with  less 
strain  upon  the  machine  by  this  plan  than  where 
all  the  metal  is  reduced  to  chips. 


DRILL  XOTES. 


As  a  rule,  the  cutting-edges  of  twist-drills 
are  formed  with  a  cutter  of  correct  form  to  pro- 
duce a  radial  line  of  cultiug-edge ;  thus  a  different  form  of  cutter 
is  required  for  milling  the  flutes  of  straight-flute  drills. 
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Drills  are  generally  made  of  0.002-inch  or  0.993-inch  taper 
I)er  foot  for  clearance,  and  have  the  major  part  of  land  on  the 
periphery  ground  away  for  the  same  purpose,  about  0.003-inch 
on  a  side. 

Drills  for  brass  should  be  made  with  straight  flutes ;  those  for 
cast-iron  and  tool  steel  should  in  those  cases  have  spiral  flutes  at 
an  angle  of  about  sixteen  degrees ;  soft  steel,  twenty-two  degrees. 

Chucking-drills,  for  use  on  cored  holes,  or  as  followers  of 
solid  twist-drills,  are  quite  often  provided  with  from  three  to 
eight  flutes ;  the  latter,  on  large  work,  are  very  efficient.  Care 
should  be  taken,  in  grinding,  to  insure  all  teeth  cutting  simulta- 
neously.    These  tools  are  made  of  solid,  shell,  and  inserted  type. 

The  inserted  tyi)e  are  prefenible  for  sti^aight  flutes  over  2} 
inches,  and  for  angular  flutes  over  4  inches,  on  account  of  cost. 

For  drilling  a  large  hole  in  a  spindle  the  latter  should  be  sup- 
ported in  a  back  rest,  and  the  drill  entered  through  a  drill-bush- 
ing to  start  perfectly  true.  Then,  by  using  a  drill  with  one  cut- 
ting-edge and  ground  on  the  outside,  a  long,  straight  hole  may 
l>e  readily  produced.  An  ordinary  twist-drill  will  do  practically 
the  sfime  if  the  centre  is  made  female,  the  only  objection  being 
that  this  form  is  much  more  difficult  to  grind. 

CIRCULAR  FORMING-TOOLS. 

Circular  forming-tools  for  machine  steel  and  cast-iron  should 
have  a  generous  amount  of  clearance. 

Care  must  be  taken  on  particular  forms,  when  forming-cut- 
ters are  not  on  centre,  that  they  are  formed  with  this  point  taken 
into  consideration. 

Circular  threading-tools  for  inside  threading  must  be  much 
smaller  than  the  work;  about  one-third  is  the  proper  practice. 

Care  should  be  exercised  to  use  a  correct  angle  of  chaser. 

PLAIN   FORMING-TOOIA 

Plain  forming  tools  should  have  a  clearance  of  from  six  and 
one -half  to  ten  degrees. 

Rake:  Machine  steel,  (Mght  to  thirteen  degrees. 
Rako:  Tool -steel,  medium,  six  to  nine  degrees. 
Rake:  Brass,  none. 
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The  clearance  on  tools  for  brass  is  quite  often  stoned  off  its 
cutting-edge  to  prevent  "biting  in"  (due  to  ease  in  cutting)  and 
then  chattering  (due  to  great  thickness  of  chip  and  consequent 
difficulty  in  severing).  The  "stoning  off"  also  tends  to  act  as  a 
support  for  the  cutter. 

FAcma 

For  steel  and  cast-iron,  cutters  with  from  six  to  twelve  de- 
grees rake  cut  very  freely,  The  clearance  should  be  from  three 
and  one-third  to  ten  degrees ;  when  there  is  any  tendency  to  chat- 
ter, the  cutting-edge  should  be  oil-stoned  on  clearance-face  suffi- 
ciently to  prevent  " biting  in."  On  very  broad  work  it  often 
becomes  necessary  to  make  cutters  without  any  rake  or  angle, 
but  allow  scraping,  to  prevent  chatter. 

In  practice  it  is  found  advantageous  to  place  cutter  ahead  of 
centre,  exposing  a  larger  cutting-edge  to  work,  giving  thinner 
chip. 

In  multiple  or  inserted  cutter-heads,  it  is  well  to  unevenly 
space  the  cutters ;  as  a  precaution  against  chattering,  have  the 
cutters  "staggered." 

Use  machines  with  large  bearings,  and  with  chucks  close  to 
same,  for  good  i-esults. 

COUNTEEBORING. 

For  cast-iron  and  steel,  counterbores  are  generally  made 
with  ten  to  six  teen -degree  angles,  i,e,,  si>iral;  for  brass  they  are 
cut  straight.  Cleamnce  is  from  five  to  ten  degrees.  On  brass, 
"stone"  the  clearance-edge  to  prevent  chattering. 

Counterbores  internallv  lubricated  are  recommended  for  steel 
for  use  to  depth  of  one-half  of  the  diameter  or  more. 

Angle-eleaninee  on  all  tools  must  be  more  than  spiral  gener- 
ated by  feed  at  smallest  diameter  of  cutting- point,  plus  suffi- 
cient to  be  really  forced  to  work  (about  three  degrees). 

COUXTERBOEES. 

As  a  rule  counterbores  should  be  made  with  a  hole  chucked 
at  the  cutting-end  several  sizes  below  the  hole  that  is  to  guide 
the  ('onnterboring  tool. 
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Then  the  guides  used  at  the  cutting-eud  may  be  of  many  sizes, 
aad  fit  many-sized  boles.  The  shanks  of  the  guides,  or  the  ends 
that  enter  the  holes,  should  be  all  of  one  size,  and  should  be  fitted 
to  force  lightly  in  so  they  may  Ixj  readily  removed  from  the  body 
of  the  tool  and  others  inserted  in  their  place  to  fit  a  hole  of  an- 
other size.  The  upper  portions  of  these  guides  are  turned  up  to 
a  slioulder,  and  to  about  half  an  inch  or  less  from  the  outside,  or 
according  to  the  size  of  the  tool.  This  also  gives  the  workman  a 
better  chance  to  file  the  cutting-end  or  lips  to  a  perfect  and  true 
edge.  The  lips  on  their  sides  may  be  an  inch  or  less  in  length, 
according  to  their  diameter,  and  they  should  be  milled  out 
diagonally  in  order  to  give  a  shaving  cut  and  also  a  better  clear- 
ance for  the  chips. 

EEAMIXG  HOLES  IN  THE  TUEEET-LATHR 

To  ream  holes  uniform  in  diameter  in  the  turret-lathe  or 
monitor,  it  is  necessary  that  there  shall  be  in  all  cases  an  equal 
amount  of  metal  for  the  reamer  to  remove.  To  insure  this  con- 
dition two  reamers,  a  rougher,  and  a  finisher  should  be  used. 
The  hole,  first,  if  cored,  should  be  bored  by  a  single  or  a  double 
edge  boring-tool  to  insure  a  hole  comparatively  true. 

BEAMING   HOLES  IN  THIN   DISKS. 

For  reaming  holes  in  thin  disks  a  reamer  of  the  ^^rose  type'' 
should  be  used,  as  it  will  be  self-supporting,  and  the  possibility 
of  enlarging  the  hole  by  its  weight  will  be  obviated. 

MACHINE-REAMING  WITH   A  <^ FLOATING"  REAMER. 

Very  often,  when  machine-reaming,  the  finishing  reamer  is 
supported  loosely  in  its  holder,  and  allowed  to  find  its  own  centre 
by  following  the  true  or  concentric 

hole   left   by  the    preceding  tools.       iMtgi|gii2i__^--jw  t    ii  i  .1  m.. 

This  is  usually  done  by  having  a 

"  floating  "  reamer  with  a  pin  entered 

through  the  holder  and  the  reamer 

in  the  back  end,  the  hole  in  the  reamer  being  made  larger  than 

the  pin,  thus  allowing  the  reamer  to  find  its  own  centre.     The 

construction  of  a  reamer  of  this  type  is  shown  in  Fig.  280. 


256  TOOL-MAKING  AND 

REAMING  TAPER  HOLES  IN  CAST-IRON* 

For  reamiDg  taper  holes  in  cast-iron  machine  parts  in  the 
turret-lathe,  particularly  those  parts  from  which  large  amounts 
of  stock  are  to  be  removed,  a  reamer  of  the  construction  shown 
in  Fig.  281  should  be  used.  As  will  be  seen,  this  reamer  has 
only  three  blades.  The  flutes  in  a  reamer  of  this  kind  should 
be  cut  as  deep  as  the  diameter  of  the  stock  will  allow,  and  the 
blade  should  be  given  very  little  clearance.  The  clearance  that 
is  necessary  may  be  provided  by  grinding  the  blades  convex,  as 
shown,  instead  of  flat  or  hollow,  as  is  usually  done.  WTien  a 
considerable  amount  of  stock  is  to  be  removed,  a  reamer  of  this 
type  will  work  very  well.  The  preliminary  work  re- 
quired, with  regard  to  the  other  boring-tools,  before 
the  one  shown  should  be  used,  consists  of  boring  a 
hole  to  the  right  size  for  the  small  end  of  the  reamer, 

Fig  281 

after  which  the  three-bhide  finishing  reamer  may 
be  used  to  finish  an  irregular  surface  from  three  to  six  inches 
long,  feeding  the  reamer  in  rapidly  without  danger  of  catching, 
chattering,  or  roughing  up.  In  one  large  machine-manufactur- 
ing establishment  thousands  of  holes  are  finished  every  day  with 
reamers  of  this  type,  attaining  the  best  results  in  the  shortest 
time  with  the  lea.st  trouble. 

TAPER-REAMING   IN  THE  SCREW-MACHINE. 

To  do  taper-reaming  in  the  screw-machine,  use  reamers  taper- 
ing from  2]:  inclies  i)er  foot  upward,  and  the  best  results  will  be 
accomplished.  For  very  accurate  work  the  reaniei-s  will* give 
better  siitisfjiction  if  made  with  left-hand  spiral  flutes. 

For  want  of  proper  grinding  facilities,  however,  this  is  not 
done  in  many  shops. 

To  ream  slightly  tapering  holes  of  small  diameters,  the  reamer 
should  always  be  made  with  the  teeth  ** staggered  "  in  spacing, 
and  each  llute  a  l(»ft-hand  spiral  of  different  pitch. 

Very  often  roughing-,  taper-,  and  forming-reaihers  for  steel 
are  flnished  with  an  undercut.  They  remove  material  very 
ra]>idly. 
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EEAMEES  FOE  PEOJECTILES. 

In  the  production  of  projectiles,  forming-,  taper-,  and  curv- 
ing reamers  are  used.  For  this  work  roughing-reamers  should 
be  finished  with  a  left-hand  spiral  thi-ead  nicked  around,  while 
the  tiiiishing  ones  should  be  finished  straight.  The  finishing  of 
taper- i-eamers  with  left-hand  spiral  flutes  for  this  work  prevents 
their  being  drawn  in  while  cutting. 

TAI^EE  OF  ROSE-RE^VJVIEES. 

Rose-reamers  should  be  given  taper  for  clearance,  about 
0.003-inch  to  the  foot  will  be  enough.  This  will  prevent  them 
from  ixiughiug  up  the  hole  and  allow  of  finishing  holes  straight 
and  cori-ect  in  diameters. 

CENTRE-REAMERS. 

Centre-reamers  should  be  finished  to  an  angle  of  sixty  de- 
grees, and  the  work  centres  of  all  machines  to  the  same.  The 
centres  should  be  hai'dened  and  ground  in  their  machines  by 
means  of  a  good  tool -post  grinder  to  gauge,  as  it  is  impossible  to 
do  good  work  on  defective  centres. 

REAMERS  FOR  BABBIT. 

For  reaming  babbit,  the  reamer  may  be  of  the  usual  form, 
except  that  the  edges  of  the  bhules  should  be  ground  tai)er  for 
about  |-inch  from  the  end.  Sometimes  reamers  for  such  mate- 
rial are  finished  with  left-hand  spiral  flutes,  which  contributes 
to  finishing  a  smooth  hole  free  from  lines  and  rings. 

REAMING   HOLES  IX  TWO  KINDS  OF  METAL. 

Not  infrequently  it  is  necessary  to  bore  a  hole  in  a  part  which 
is  made  up  of  two  kinds  of  metal,  such  as  brass  and  cast-iron, 
for  instance.  This  is  a  rather  diflicult  thing  to  accomplish  suc- 
cessfully, as  the  hole  will  usually  be  larger  in  the  softer  side  of 

the  metal  than  in  the  harder.     However,  bv  using  a  reamer  with 
17 


258  TOOL-MAKING  AND 

a  catter-face  of  the  construction  shown  in  Fig.  282,  aud  catting 
an  unevea  number  of  staggered  flutes  in  it,  satisfactory  results 
will  t>e  attained.     Have  the  angle  of  the  cutter- 
^/M/Mw/M'x'm^    face  about  teu  degrees.     In  using  this  reamer, 
^^^^WIb    first  bore  the  hole  with  the  usual  type  of  boring- 
no  tu  ****''^  ""**'  '*  '^  *  ^'^  slightly  below  that  re- 
quired, then  chamfer  the  edges  of  the  hole  on 
the  bard  side  and  feed  in  the  reamer,  labricating  generondy 
with  oil,  aud  always  see  that  the  hard  side  of  the  work  is  out. 

MACHIKE-EEAMING   OF  BRASS  PABTa 

For  the  machine- reaming  of  brass  parts  some  make  their 
reamers  slightly  over  size,  but  this  is  wrong.  lustead,  a  reamer 
for  brass  should  be  ground  in  much  the  same  manner  as  a  tnru- 
iug-tool  for  brass  should  be — that  is,  in  place  of  a  radial  line  in . 
the  centre,  as  in  most  other  reamers,  the  cutting-edges' should  be 
thrown  off  from  the  centre  at  an  angle 
of  about  twenty  degrees  out  of  the  radial 
line,  as  per  Fig.  283.  For  the  same  rea- 
son, ill  turning  brass,  if  the  tool  is  ground 
straight  and  set  central  with  the  work, 
chattering  is  bound  to  occur.  If,  on  the 
couti-ary,  the  tool  is  reground  on  top  to 
an  angle  as  described  above,  running  toward  the  underside  of 
the  blade,  chattering  will  be  obviated  and  the  tool  will  cut  freely. 
Always  keep  the  cnttiug-edgea  of  i-eamers  for  brass  as  sharp 
as  possible  by  "stoning,"  becanse  as  soon  as  the  cutting -edges 
become  slightly  dniled  they  will  bind  and  scream. 

SQUARE  REAMERS   ^UJD   EXPANSIOX   REAMERS. 

Fine  finishing  of  holes  in  brass  may  be  done  with  the  sqnare 
reamer  or  "scraper."  Expansion  reamers  also  possess  mauy 
good  i»oints,  but  few,  if  any,  can  be  ex])anded  and  :uljusted  for 
sizing  without  the  cutting-edges  requiring  to  be  ground  before 
the  tool  can  be  used.  However,  there  are  some  in  which  the 
blades  will  expand  eqmvlly.  Even  if  it  is  necessary  to  grind  the 
expansion  reamers  when  changing  an  adjustment,  there  is  econ- 
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omy  in  their  use  when  compared  with  the  cost  of  a  new  solid 
reamer,  especially  when  they  are  used  for  holes  of  large  diame- 
ters. A  long  hole  may  l>e  reamed  straight  by  pulling  back 
slightly  after  the  reamer  has  commenced  to  cut. 

REAMING  SMALL   HOLES. 

For  machining  very  small  holes  in  steel  and  cast-iron,  ream- 
ers should  be  ground  straight,  while  for  brass  and  copper  they 
should  be  ground  slightly  back,  tapering  in  order  to  eliminate 
the  possibility  of  roughing  up  the  holes. 

Always  remember  that  on  reamers  for  steel  and  cast-iron  the 
teeth  should  be  on  centre,  while  for  brass,  copper,  and  similar 
metals  they  should  be  at  an  angle  of  twenty  degrees  off  the  radial 
line. 

Speeds  for  machine- reaming  should  usually  range  from  20  to 
25  per  cent,  lower  than  turning  and  drilling-speeds. 

^^ HOME-MADE"   REAMERS. 

There  are  in  a  great  many  shops  numbers  of  "  home-made '^ 
reamers  in  the  possession  of  the  men,  made  at  various  times  by 
the  mechanics,  without  due  regard  to  their  proper  construction. 
Reamers  of  this  kind  should  never  be  used  for  fine  work,. as  they 
are  usually  defective.  For  instance,  the  flutes  are  too  shallow 
and  spaced  too  close,  and  often  they  are 
spaced  evenly  instead  of  being  staggered, 
or  they  have  an  even  number  of  teeth,  all 
of  which  is  wrong.     WTien  a  reamer  is  p,q.  ^g^ 

evenly  spaced  it  will  chatter  as  soon  as  the 

cutting-edges  fall  into  the  notches  left  by  the  preceding  one.  A 
common  fault  with  "  home-made ''  reamers  is  that  they  are  given 
too  much  clearance,  thus  making  chattering  inevitable. 

HAND-REAMING. 

In  hand-reaming  never  leave  more  than  0.003  of  stock  to  be 
removed,  no  matter  what  the  material  may  be.  On  the  contrary, 
for  machine-reaming,  not  less  than  ^  and  often  -^  should  be  left; 
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using  reamers  with  much  coarser  blades  than  the  usual  commer- 
cial ones,  and  formed  so  that  they  can  be  ground  on  the  points. 
Hand-reamers  for  use  in  boiler,  bridge  work,  etc.,  should  be 
of  the  construction  shown  in  Fig.  284,  as  they  will  work  better 
than  the  usual  half-round  kind. 

IXCRJSASIKG   THE  SIZE  OF  A  REA:MER    WHEN 

WORN. 

To  increase  a  reamer  to  size  when  worn,  burnish  the  face  of 
each  tooth  with  a  hardened  burnisher,  which  can  be  made  from  a 
three-cornered  file  nicely  polished  on  the  corners.  This  will  in- 
crease the  size  from  two  to  ten  thousandths  in  diameter.  Then 
hone  back  to  the  required  size. 

To  make  a  tap  or  reamer  cut  larger  than  itself,  put  a  piece 
of  waste  in  one  flute,  enough  to  crowd  it  over,  and  cut  out  on  one 
side  only.  In  larger  sizes  (1^-inch  or  over)  put  a  strip  of  tin  on 
one  side  and  let  it  follow  the  tap  through. 


CHAPTER  XVIII. 
Broaches  and  Broaching. 

THE  OPERATION  OF  BROACHING. 

The  operatiOD  of  broaching  may  be  classed  under  the  head 
of  puuches  and  dies,  as  it  is  analc^ons  with  press-work.  In 
reality  the  broach  is  a  punch,  the  cored  or  drilled  holes  in  the 
work  to  be  machined  by  It  acting;  as  a  die  and  gnidc  for  same. 
The  operation  of  broaching  has  had  great  develop- 
ment during  the  last  decade,  special  machines  and 
forms  of  tools  having  been  designed  to  further  the 
use  of  this  interesting  and  labor-saving  process  for 
the  finishing  of  work  which  it  was  formerly  thought 
to  be  impossible  to  finish  by  Kiich  means. 

The  broach  as  a  tool  is  usually  used  for  finishing 
holes  which  have  l)ecn  previously  either  xmnched, 
coi'ed,  drille<],  orlwred  in  metal,  the  shape  of  which 
may  be  round,  sijuare,  or  any  irregular  shape  de- 
sired. Although  the  brooch  can  be  used  to  advan- 
tage for  the  finishing  of  holes  by  setting  it  under 
an  oi-dinary  power- iii-ess,  an  arbor-press,  or  a  foot- 
or  serew-press,  llie  opeiiitiou  can  be  best  acconi- 
plislied  ill  a  pi-es.s  Hpe<'i!illy  designed  for  the  pur- 
[Hiso  of  bniaching.  A  pi-es.s  of  this  sort  has  usn- 
alty  an  luljuslable  stroke  of  from  1^  to  12  inches. 

In  Fig.  2S.")  we  show  a. sketch  of  a  broach  used  ^^  ^. 
for  Knislung  ii  coivd  hole  in  a  rough  casting.  Tlie 
tool  is  3  X  I  iiu'hes,  and  !)  inches  in  length.  In  this  tool  the 
teeth  an-  very  coaisii  at  the  lower  end,  being  intended  fur  re- 
movtug  the  bulk  of  the  stock  until  the  centre  of  the  broach  is 
rea<rhed,  when  the  leeth  are  sheared  in  the  opposite  direction, 
thus  bi-eakingthe  chip  off.  The  teeth  in  the  broach  then  de- 
crease in  size  nntil  near  the  upper  end,  when  they  are  lefl   the 
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oue  size  for  about  two  inches  of  the  remaining  length,  thus  form- 
ing a  "sizer"  which  shaves  the  hole  to  a  standard  size  all  the 
way  through. 

In  forcing  a  broach  through  a  hole  it  may"  l>e  best  driven  by 
a  "V"  brock,  which  should  be  secured  in  the  press-ram  in  much 
the  same  manner  as  a  punch  would  be.  Thus  when  the  press- 
ram  descends  the  broach  will  find  its  own  centre ;  while  the  lia- 
bility of  breaking  or  bending  the  broach  or  produciug  an  im- 
perfect hole  will  be  obviated. 

In  order  to  broach  holes  of  considerable  length  in  a  press 
with  a  short  stroke,  the  work  may  be  satisfactorily  accomplished 
by  using  a  successive  number  of  blocks.  First  insert  the  broach 
in  the  hole  and  then  drive  it  down  into  the  same  for  the  full 
length  of  the  press-stroke.  Next,  insert  a  block  of  the  same 
thickness  as  the  length  of  the  stroke  between  the  mm-face  and 
the  broach-end,  and  then  force  the  broach  in  a  further  distance; 
repeating  the  operation  and  using  larger  blocks  until  the  desired 
length  of  drive  has  been  obtained.  By  this  method  it  may  be 
well  to  state  that  the  results  attained  will  not  equal  the  work 
performed  on  a  continuous  stroke-pi*ess,  as  the  stopping  of  the 
broach  when  partly  through  the  work  allows  the  nielal  to  settle 
into  the  broach  teeth,  thus  increasing  the  tendency  to  bend  and 
break. 

To-dav  there  are  on  the  market  anv  number  of  machines 
which  have  been  specially  designed  for  broaching.  A  number 
of  these  machines  perform  the  opemtion  by  pulling  the  broach 
through  the  hole  instead  of  forcing  it  through. 

AX   INTERESTIXG   JOB   OF   BROAClllXli. 

Broaching  is  very  interesting  work.  For  some  work  the  best 
and  only  way  to  make  a  broach  is  in  one  i)iece ;  while  for  other 
work  long  experience  has  taught  that  it  is  the  wrong  way.  To 
do  the  job  shown  in  the  sketch.  Fig.  280,  with  one  broach  would 
require  a  long  one,  and  that  would  cause  trouble;  for  a  broach 
of  sufficient  length  for  this  work  is  difticult  to  turn  and  mill, 
and  to  harden  and  draw,  owing  to  the  key  way  on  one  side  which 
will  cause  it  to  spring  in  hardening;  it  would  be  an  advantage  if 
it  were  grooved  on  opposite  sides. 
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The  hole  in  the  piece  showu  in  Fig.  286  is  broached  from  i- 
to|]-inch — and  a  key  j'jinch  high  formed — aiid  is  afterward 
drifted  to  |-^-iuch  at  the  bottom  and  }-iuch  at  the  top ;  the  thick- 
ness of  the  piece  is_|-inch.  Over  250,000  pieces  have  been 
made  -with  the  broaches  as  sliowu,  and  the  loss  in  broaches  and 
pieces  was  nothing  compared  with  the  loss  when  using  the  long 
broaches  first  made. 

The  stock  for  this  job  waa  a  special  tongh  tool  steel.  The 
broaches  are  shown  in  Figs.  287  to  291 ;  they  were  four  inches 
long  and  of  the  diameter  given.     Each  was  tapered  at  one,  end 


and  connterHunk  at  the  other,  and  the  top,  or  male  end,  was 
milled  flat  on  one  side  (like  Ko.  4)  to  fit  the  punch-press  fixture, 
Fig.  292.  Xos.  1,  2,  and  3  ha\-e  five  teeth  per  inch,  and  No.  4 
has  six  teeth ;  it  will  also  be  noticed  the  latter  broacli  is  left 
blank  at  one  end ;  this  will  be  explained  later. 

The  teeth  being  |-inch  from  the  end,  this  part  was  drawn  to  a 
blue  after  hardening.  This  was  very  important,  as  the  end  had 
a  tendency  to  crumble  and  break  out  and  thus  destroy  the  broach. 
The  end  wiks  drawn  by  dipping  in  hot  lead  after  the  broach  was 
hardened  and  drawn  to  a  straw  color.  For  cutting  tool  steel 
verj- little  clearance  was  given  the  teeth;  too  much  clearance 
would  cnnse  the  broach  to  cut  ragged. 
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The  ^-iueli  hole  to  receive  the  ead  of  the  first  broach  was 
drilled  in  the  stock,  and  the  other  eud  of  the  broach  vas  inserted 
in  the  hole  H  in  plat«  C,  Fig.  293.  To  the  plate  was  secured 
two  rods,  which  had  a  vertical  movement  in  plate  li,  light 
Rpring»  keeping  plate  C  away  from  the  pnnch.  An  important 
feature  is  the  hole  if,  which  received  the  end  of  the  broach  and 
prevent*^  its  being  placed  in  the  wrong  position,  as  each  broach 
had  to  follow  exa«t,  owing  to  the  keyway. 

A  clearance  (shown  at  J>)  on  each  broach  ser^'ed  to  guide  fui 
end  of  the  broach  while  entering.  After  the  first  broacli  was 
entered  and  forced  into  tlie  work  by  the  press,  the  upper  eud 


projected  above  tlio  work  to  receive  the  second  bi-oiieli.  wliich 
wa.s  in  turn  punched  through,  being  followed  by  bnuuh  Xi»,  .'J, 
and  the  latter  by  No.  4.  If  leeth  were  ent  the  fiill  leiiglli  of  Ihe 
last  broach,  it  would  stick  in  the  work.  To  overcome  this  it  wiis 
cleare<l  at  the  eud,  us  shown,  so  that  wheu  punched  down  to  Ihe 
end  of  the  stroke  the  broa^^li  would  fall  tliron^li.  The  wurk  in 
making  broaches  of  this  length  is  simple,  as  Ihey  iii-c  easy  to 
turn,  harden,  draw,  and  grind. 

In  pnnch  .-1  a  hardencd-sti?el  plate,  7>,  wa.sinsertcd,  as  at  thi.s 
point  any  wear  would  eanse  the  broiicli  to  twist  and  s|K)il  the 
key.     This  is  made  a  driving  fit,  and  can  bo  replaced  at  any 
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time.  The  finisLetl  Iiole,  Fig.  286,  was  di-ifted  cold ;  and  ovriug 
to  the  quality  of  the  stock  was  a  neat  piece  of  work.  Figs.  293 
and  294  show  the  drift  and  the  puiicEi-pi-ess  fixtures.     The  pitucli 


for  putting  in  the  drift  had  a  steel  insert',  the  same  as  Din  A. 
It  in  veiy  important  in  making  broiiclii's  tliat  Ibe  stock  be  thor- 
oughly iiunoaiud,  and  when  broaching  use  uotbing  but  the  very 
best  of  oil. 


SO.MK   POINTS   ABOIIT    BROAt'lIl-iS   AND   BHOACIIIXG. 

Ill  <iivIor  t(t  M'cniv  ginKl  i-wtulls  iti  broiinbing  the  bottom  of 
the  t<H>l  ns«'d  should  )>e  hollowed  out  somewhat,  so  that  a  nice 
clean  i-liip  will  be  out  from  the  inside  of  the  hole,  aud  so  that  the 
tendency  to  dodge  to  one  side  when  plact-s  hi  which  the  con-d 
hole  is  joiigh  or  crooked  are  enconnlei'ed  will  be  obviated.  The 
stripper,  for  the  work  should  be  arranged  so  as  lo  pull  on'Mpiare. 
Otherwise,  if  the  hide  is  a  long  one,  it  will  be  spoiled  when  the 
broa^-b  is  pulled  out. 

The  Bi>ecial  ]ires.ses  pn)vid(Hl  ft»r  bitKiching  aie  usually  baek- 
geared  aud  very  ]iowerfnl.  It  is  not  well  to  s])eed  the  )>n'jis  too 
fast.     In  all  eiLses  nso  oil  as  a  hibricaut.     When  the  amount  of 
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stock  to  be  removed  is  considerable,  it  will  be  necessary  to  do 
the  work  in  two  operations;  too  heavy  a  cut  having  a  tendency 
to  make  the  hole  rough.  Socket-wrenches  or  similar  fits  are 
easily  made  in  this  way.  If  the  cuts  ai*e  made  light  enough,  it 
is  possible  to  broach  cixst-iron  in  this  way,  using  for  this  purpose 
several  punches  or  broaches  of  diiferent  sizes.  Such  punches 
should  be  slightly  larger  at  the  cutting  end,  and  for  the  finishing 
cut  or  last  oi)eration — if  clear  through  the  piece — should  work 
into  a  die  or  the  tool  will  break  off  or  tear  away  the  lower  edge 
of  the  work.  The  temper  should  be  a  trifle  harder  than  that 
given  to  ordinary'  punches  and  dies.  A  in  Fig.  295  shows  a  side 
view  of  a  broach  which  was  made  for  cut'ting  out  the  holes  in 
three  cast-steel  flanges  for  a  steamboat.  The  holes  had  been 
cored  out  of  aj-inch  bolt  instesid  of  a  J-inch ;  hence  the  necessity 
for  enlarging  them.     The  broach  was  made  with  six  steps,  as 
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shown  at  A,  and  with  the  steps  numbered  at  B,  Step  1  acts  liS 
a  pilot  and  to  scrape  out  the  sjind ;  step  2  cuts  on  four  sides  some- 
what, as  shown  at  C,  step  3  cuts  the  hole  slij^ditly  larger  in  the 
s.ime  manner;  the  next  three  steps  cut  out  the  corners,  as- shown 
in  4,  5,  and  0. 

There  were  ninety  holes  in  all,  one-half  of  wliirh  were  through 
metal  ^-inch  thick,  and  the  other  through  metal  5-ineli  thick.  It 
took  about  three  houi-s  to  broach  them  out,  driving  the  broach 
with  a  sledge,  sis  no  ])rcss  was  at  hand.  The  ojwration  of  mak- 
ing the  tool  took  alH)ut  one  and  one-half  hours  on  the  milling- 
machine,  using  an  end-mill. 
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BROACHIKG:   ITS  RELATION  TO  SHEET-METAL 

WORK. 

Oberlin  Smith,  in  his  "Press  Working  of  Metals,"  has  given 
ns  the  following  in  regard  to  the  relation  of  the  word  "broach- 
ing "  to  sheet-metal  work : 

"...  The  word  '  broaching '  has  here  a  very  different 
meaning  from  that  given  it  by  the  machinist,  who  applies  it  to 
the  process  of  forcing  a  piece  of  male  w^ork  through  a  lower  cut- 
ting-die, or  pushing  a  cutting-punch  through  a  hole  in  female 
w^ork,  thereby  shaving  it  to  a  given  size,  and  really  performing 
an  operation  analogous  to  planing  or  slotting.  In  cases  where 
he  uses  male  or  female  broaching-cutters  having  a  series  of  teeth 
following  Civch  other,  and  each  taking  off  its  own  chip,  his  work 
more  nearly  i^esembles  milling.  In  relation  to  sheet  metals  the 
wonl  broaching  means  smashing  the  work  thinner  by  forcing  it 
through  a  space  between  the  punch  and  die,  as  in  some  kinds  of 
tube-dniwing,  which  again  is  the  same  as  wire-drawing,  if  we 
imagine  the  mandrel  to  be  a  part  of  the  tube.  In  the  case  in 
question  a  reduction  of  diameter  is  being  made  at  the  same  time 
as  the  thinning  of  the  metal  is  taking  place.  This  is  much  prac- 
tised in  cartridge-drawing,  especially  where  it  is  desirable  to 
keep  the  end  or  bottom  of  the  work  of  the  original  thickness. 
^\^len  done,  the  bottom  remains  of  as  much  greater  tliickness 
than  the  sides  as  happens  to  l)e  required  and  as  has  In^en  arranged 
for  in  choosing  tlie  thickness  of  the  sheet.  In  small  work  of  this 
kind  the  us(^  of  a  blank -holder,  or  upper  die,  is  abandoned  after 
the  first  one  or  two  draws,  as  the  metal  is  reduced  so  little  in 
diameter  in  i)roportion  to  its  thickness  that  the  wrinkles  have  no 
chance  to  form.  Even  if  incipient  wrinkles  do  form  they  are 
quickly  crushed  out  again  as  the  metal  is  sc|ueeze<l  somewhat 
thinner.  In  this,  as  in  all  drawing,  however,  the  wrinkles  must 
never  be  allowed  to  get  big  enough  to  fold  over  upon  one  another. " 


CHAPTER  XIX. 

Shop  Use  of  Micrometer-Calipers  and  the 

Gauge. 

MICEOMETER-CALIPERS. 

In  the  accurate  production  of  duplicate  parts  as  carried  on 
to-day  in  the  economic  manufacture  of  machinery,  tools,  punches 
and  dies,  and  instruments  of  precision,  accurate  gauges  are  de- 
manded. For  years  the  average  machine-shop  got  along  with 
templets  and  gauges  of  sheet  steel,  so-called  "limit-gauges,"  of 
doubtful  accuracy  and  of  little  value,  as  they  were  carelessly 
made  and  used  with  indifference.  However,  we  are  pleased  to 
say,  this  state  of  affairs  has  passed  away;  and  the  increased  use 
of  the  micrometer-caliper  has  enriched  the  scrap  piles  of  many 
shops  with  collections  of  "snap"  and  "limit"  gauges,  "temp- 
lets "  and  "  reference  "  disks ;  has  increased  the  economic  produc- 
tion of  the  shops,  and  made  the  workmen  more  skilful. 

To  produce  accurate  work  the  skilled  machinist  or  tool-maker 
of  to-day  demands  jts  a  first  requisite  a  means  of  measuring  his 
work  during  the  process  of  machining  it  to  the  required  size  and 
shape;  and  this  requirement  is  filled  when  the  workman  is  sup- 
plied with  a  micrometer  caliper  and  the  feed-screws  of  the  ma- 
chine which  he  operates  jire  fitted  with  gi-aduated  disks.  Of  course 
it  must  not  be  inferred  from  this  that  brains  are  not  required 
along  with  these  gauges;  or  that  an  indifferent  or  careless  work- 
man will  instantly  become  a  skilled  mechanic  upon  being  supplied 
with  a  micrometer.  However,  the  use  of  the  micrometer  will 
improve  the  poorest  workman ;  a,s  instead  of  guessing  he  will 
measure;  he  will  use  his  eyes  and  think;  thus  a  consi^queut  im- 
provement will  take  place. 

Among  shop  managers,  superintendents,  and  foremen,   the 

most  common  objection  raised  against  the  general  shop  use  of 

micrometers  is  that  they  are  too  light,  and  are  liable  to  get  out 
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of  order  when  used  by  all  classes  of  help.  Xow,  while  this  may 
occur,  there  is  hardly  any  excuse  for  it ;  any  man  that  is  trusted 
with  and  is  capable  of  turning  out  accurate  work  can  be  safely 
trusted  to  use  a  micrometer  correctly.  To  be  sure  it  makes  a 
great  difference  hoic  the  tool  is  handled.  It  all  depends  upon  the 
workman's  sense  of  touch.  The  machinist,  as  a  rule,  wants  in- 
formation as  to  how  much  more  has  to  come  oft'  after  he  has 
taken  a  cut,  and  so  he  sometimes  forces  the  gauge  in  the  hope  of 
determining  by  the  sense  of  touch  how  much  remains  to  come 
off.  This  sense  of  touch  differs  in  mechanics  very  much.  In 
some  it  amounts  to  a  considerable  exertion  of  their  strength ; 
these  are  the  one  who  spoil  the  gauges. 

With  the  micrometer  there  is  no  excuse  for  the  use  of  strength ; 
it  is  an  adjustable  gauge  and  the  machinist  knows  by  reading  it 
when  the  work  has  been  reduced  to  the  size  desired.  He  knows 
also  that  he  may  run  the  screw  back  at  intervals  and  determine 
the  amounts  remaining  to  come  off ;  he  may  also  determine  the 
size  at  the  start ;  and  for  sizing  a  number  of  pieces  he  may  lock 
it  and  use  it  in  the  same  manner  as  he  would  a  snap-gauge.  In 
the  use  of  the  micrometer  the  mechanic  has  to  use  his  eyes  and 
brains  more,  and  his  strength  becomes  an  ineffective  factor  in 
the  attainment  of  the  results. 

It  is  very  easy  to  teach  bright  apprentices  and  operators  how 
to  use  micrometers ;  in  fact,  the  reading  of  them  to  the  one-thou- 
sandth of  an  inch  is  very  simple ;  while  their  reading  to  one-ten- 
thousandth  of  an  inch  can  be  learned  after  a  little  thought  and 
practice.  The  ease  with  which  workmen  in  general  learn  to  read 
and  use  these  gauges  can  be  inferred  from  the  fact  that  there  are 
any  number  of  small  shops — in  the  East  at  least^ — to  my  knowl- 
edge, in  which  accurate  work  is  turned  out,  where  nothing  in  the 
way  of  gangers  is  used  but  micrometers.  As  this  is  successfully 
done  on  a  small  scale,  I  can  see  no  reason  why  the  installation 
of  the  system  on  a  large  scale  should  present  difficulties. 

In  all  shops  in  which  micrometers  are  used  in  place  of  the 
obsolete  gauges,  or  in  shops  where  they  are  about  to  be  used,  a 
good  set  of  B.  &  S.  test  pieces,  either  end-measures  or  disks, 
should  be  provided ;  also  a  man  should  be  detailed  to  take  care 
of  the  adjustments  of  all  micrometers  in  the  shop;  someone  who 
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is  skilled  in  such  work  and  who  has  cultivated  a  delicate  sense  of 
touch.  In  shops  where  the  work  done  is  of  great  accuracy  and 
only  the  niininittm  limit  of  error  is  allowable,  two  sets  of  test 
measures  should  be  provided ;  one  set  to  be  for  general  use  and 
the  other  for  occasional  reference  only.  The  new  micrometers 
should  be  given  to  the  most  skilled  men  for  use  on  the  finest 
work  only ;  while  those  micrometers  that  have  become  worn,  or 
are  to  a  certain  extent  inaccurate,  should  be  used  on  work  in 
which  a  greater  limit  of  error  is  allowable.  Above  all,  never 
use  generally  calipers  graduated  to  ten-thousandths,  where  fine 
measurements  are  not  necessary,  as  in  an  instrument  of  the  pre- 
cision of  this  class  a  wear  is  preceptible  and  important  which 
would  be  of  comparatively  slight  consequelice  in  a  caliper  that  is 
graduated  to  be  read  only  in  thousandths. 


BEADING  MICROMETER-CALIPERS  TO   TEN- 
THOUSANDTHS  OF   AN  INCH. 

While  the  ordinary  reading  of  micrometers  is  pretty  gener- 
ally understood — t.c,  reading  to  thousandths  of  an  inch — the 
reading  of  them  to  ten-thousandths  is  not.  For  the  benefit  of 
those  who  do  not  understand  this  I  explain  in  the  following 
how  to  do  it. 

In  Fig.  296  a  1-inch  B.  &  S.  micrometer-caliper  graduated  to 
read  to  ten-thousandths  of  an  inch  is  illustrated.     The  readings 


THIMBLE 


FIG.  296. 


in  ten-thousandths  are  obtained  by  means  of  a  veriner  or  series 
of  divisions  on  the  barrel  of  the  caliper  on  the  side  shown  in  the 
cut.     These  divisions  are  ten  in  number,  and  occupy  the  same 
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space  as  nine  divisions  on  the  thimble.  Accordingly,  when  a 
line  on  the  thimble  coincides  with  the  fii-st  line  of  the  veriner, 
the  next  two  lines  to  the  right  differ  from  each  other  one-tenth  of 
the  length  of  a  division  on  the  thimble;  the  next  two  lines  differ 
by  two-tenths,  etc.  Xote  the  left  hand  cut  of  graduations  on  the 
barrel  and  thimble  in  Fig.  296. 

When  the  caliper  is  opened,  the  thimble  is  turned  to  the  left, 
and  when  a  division  passes  a  fixed  point  on  the  barrel,  it  shows 
the  calii)er  has  been  opened  one-thousandth  of  an  inch.  Hence, 
when  the  thimble  is  turned  so  that  a  line  on  the  thimble  coin- 
cides with  the  second  line  (end  of  first  division)  of  the  veriner, 
the  thimble  has  moved  one-tenth  of  one-thousandth,  or  one  ten- 
thousandth  of  an  inch.  When  a  line  on  the  thimble  coincides 
with  the  third  line  (end  of  second  division)  on  the  veriner,  the 
caliper  hjis  been  oi>ened  two  ten-thousandths  of  an  inch,  etc. 
Npte  the  right  hand  cut  of  graduations,  where  the  line  on  the 
thimble  coincides  with  the  fourth  line  (end  of  third  division) 
and  the  reading  is  three  one-thousandths  of  an  inch. 

To  read  the  caliper,  note  the  thousandths  as  usual,  then  count 
the  number  of  divisions  on  the  veriner,  commencing  at  the  left, 
until  a  line  is  rcjiehed  with  which  a  line  on  the  thimble  coincides. 
If  the  second  line,  add  one  ten-thousandth,  if  the  third,  two  ten- 
thousandthri,  etc. 

SPPX^IAL   USES   OF    MICEOMETER-CALIPERS. 

Besides  the  uses  for  which  the  micrometer  was  primarily  de- 
signcHl  and  is  generally  used,  there  are  any  number  of  S];)ecial 
uses  to  which  the  caliper  can  be  put:  In  the  following  I  enu- 
merate and  describe  a  number  which  will  no  doubt  be  the  means 
of  suggesting  many  others. 

In  order  to  determine  whether  the  dead  centre  and  the  live 
centre  of  a  lathe  are  in  line :  Fii-st,  set  the  centres  as  near  as  pos- 
sible by  eye;  then  carefully  centre  a  piece  of  stock  about  six 
inches  long;  place  it  on  tlie  centre  and  turn  one  end  for  a  dis- 
tance of  about  one-half  inch,  using  a  sharp-edged  tool  so  as  to 
get  a  smooth  surface.  Then  revei'se  the  stock  so  that  the  turned 
end  will  be  at  the  live  centre.     Next,  turn  the  other  end  to  ex- 
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actly  the  same  diameter,  using  the  micrometer  to  gauge  it.  Now 
clamp  the  micrometer  to  the  cross-slide  of  the  lathe,  so  that  the 
end  of  the  barrel  or  ratchet-stop  will  rest  against  the  work,  as 
shown  in  Fig.  297.     You  can  now  set  your  centres  accurately  by 


Toafiha: 


Fig.  297. 

running  the  barrel  out  against  the  nearest  end,  noting  the  read- 
ing and  running  bivck  the  barrel,  running  the  carriage  up  to  the 
other  end  and  repeating  the  operation.  A  few  trials  and  adjust- 
ments of  the  tail -centre  and  both  centres  will  be  set  dead  in  line. 
In  order  to  test  the  lathe  to  see  whether  the  centres  are  the 
same  height  from  the  ways,  the  same  method  can  be  adopted  by 


6i^ 


Fig.  2»8. 


using  the  micrometer  backward,  from  the  top  down,  or  from  the 
bottom  up,  as  shown  in  P'ig.  298. 

To  line  up  the  centres  on  a  grinder  so  as  to  get  them  dead  in 
line  the  micrometer  can  be  used  by  fiustening  the  caliper  between 
the  collars  of  the  spindle  where  the  emery-wheel  is  usually  located,, 
in  the  manner  shown  in  Fig.  299,  and  by  blocking  up  the  spin- 
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die  in  the  most  convenient  manner.  In  usiog  the  niicrumeter  in 
this  manner,  however,  always  remember  that  all  round  or  circu- 
lar work  will  have  an  error  twice  that  evidenced  by  the  gauge. 


"^JSSt 


That  is  to  say,  if  the  centres  show  only  0.0012  by  the  microm- 
eter in  tlie  test,  they  will  shown  an  error  of  0.0024  oq  the 
work.  On  straight  surface  work  the  test  will  show  the  actual 
error. 

It  will  l>e  at  once  obvious  to  the  practical  reader  that  this  sys- 
tem of  f*?sting  can  be  applied  to  almost  any  machine  in  the  shop. 
On  the  planer,  miller,  shaper,  or  precision-lathe  it  will  be  found 
all  that  CHU  be  deaircd  iu  detecting  errors  in  the  platen,  vise,  or 
fixtuies;  while  when  utilized  in  the  liuing  up  of  a  job  with  a 
finished  surface,  it  is  as  good  au  »  surface-tester  and  leuds  itself 
much  more  i-oadiiy  to  the  work  in  hand. 
In  fact,  this  system  can  be  almost  uni- 
vei^sally  applied  where  accurate  work 
from  machines  is  absolutely  required. 

Tlie  niiei-ometer- caliper  can  also  be 
used  as  an  inside  caliper  in  any  hole  in 
which  it  will  go  in  with  ease.  This  is 
shown  in  Fig.  300,  the  caliper  being 
used    to    gauge   the  inside   of  a  large  *''"'  ***" 

cutting-die  when  grinding  it  to  the  tinisli  size.     To  use  the  gauge 
in  this  niiuiner  it  is  only  necessary  for  one  to  learn  to  read  the 
18 
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graduations  backwards;  then  no  difficulty  will  be  experienced  in 
using  it  as  an  inside  micrometer. 

In  all  shops  where  micrometers  are  used  generally  it  will 
faciliate  their  use  and  expedite  the  production  of  accurate  work 
by  having  the  feed-screws  of  all  machines  fitted  with  graduated 
dials ;  and  if  the  micrometers  iu  use  are  graduated  to  read  in 
thousandths,  by  having^the  dials  to  read  the  same. 

The  universjil  use  of  micrometer-calipers  for  regular  machine- 
shop  gauges  is  not  far  distant,  as  it  will  not  be  long  before  the 
chief  and  perhaps  the  only  interdiction  to  their  extensive  use — 
their  cost — will  be  overcome.  That  the  demand  is  growing  is 
evidenced  by  the  fact  that  one  concern  in  the  East  manufactures 
a  line  measuring  from  six  to  twelve  inches  for  use  on  the  larger 
classes  of  interchangeable  machine  work. 

THE   HEIGHT-GAUGE  AND    ITS   USE. 

While  the  jnicrometer  occupies  first  place  among  the  small 
precision  tools  of  the  universal  shop,  there  is  another  tool  which 
follows  it  a  close  second.  I  refer  to  the  height  gauge,  Fig.  301 ; 
a  tool  that  although  it  is  used  quite  generally  among  tool-makers, 
is  comparatively  unknown  outside  of  them.  If  more  were  known 
of  the  great  utility  of  this  handy,  aceui-ate,  reliable,  and  almost 
indispensable  tool,  its  use  would  l)ecome  common  in  all  shops 
where  accunite  work  is  done.  By  many  the  height-gauge  is 
thought  to  be  merely  an  accessary  to  tlie  tool-maker's  kit,  and  of 
no  use  except  in  verifying  measurements;  when,  on  the  contrary, 
it  can  be  used  for  a  thousand  and  one  jobs  in  the  attainment  of 
results  with  ease  which  would  otherwise  be  almost  impossible  of 
attainment  were  other  means  used.  In  accurate  work,  especially, 
by  means  of  tlie  height-gauge,  jobs  that  appear  to  present  insur- 
mountable difliculties  are  accomplished  with  ease. 

In  order  that  the  utility  and  value  of  this  accurate  tool  may 
become  l)etter  undei^stood  I  will  present  a  few  examples  of  its  use: 

By  far  the  most  usual  and  common  method  of  striking  or 
scribing  a  line  on  a  piece  of  work  is  with  the  surface -gauge ;  set- 
ting the  scrilx'r  to  some  graduation  on  a  scale.  This  method, 
however,  is  not  to  be  compared  with  the  height -gauge  and  its 
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scriber  in  point  of  fcouomy  of  lime,  labor,  and  worry;  for  the 
reiisoii  that  the  lieiglit -gauge  may  bo  set  almost  iustoDtly  and  ac- 
curately when  one  is  familiar  with  it,  and  a  line  may  be  scrilwd 
with  it  at  once  with  the  assurance  positive  that  it  is  in  exactly  (he 
place  that  one  wishes  it  to  be.  With  the  surface-gauge  the 
seriljer  must  lie  liiised  and  lowered  many  times  before  the  cor- 
rect (  i)  height  is  obtained ;  even  then  the  final  setting  is  u  guess. 


For  example  second,  let  us  say  that  it  is  necessary  to  locate 
eight  holes  in  aeiix^nlar  finished  casting  as  per  Fig.  SOU;  the 
holes  to  form  the  ct)rnei'8  of  two  squai'es,  one  within  the  other, 
with  the  four  holes  of  each  equidistant  from  the  centre  of  the 
casting.  The  way  to  accomplish  the  desireil  results  accurately 
with  ease  will  be  to  take  an  angle-plate  like  302,  true  it  on  three 
of  its  sides,  and  then  clamp  the  disk  on  its  face  A.  The  exact 
diameter  of  the  eastiny  in  which  the  holes  are  to  be  located  is 
found  first ;  then  the  height  of  its  lower  edge  fi-om  the  snrface- 
plate  on  which  the  angle-plate  rests;  then,   by  means  of  the 
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veriner  on  the  height-gaugo  and  the  scriber  which  comes  with  it, 
we  scribe  two  lines  the  required  distance  apart,  equally  above 


Fig.  302. 


and  below  the  centre,  for  the  outside  square,  then  two  more  lines 
for  the  inside  square.     Next,  without  removing  the  casting  from 
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Fig.  »«. 


the  angle-plate,  we  turn  the  plate  on  to  face  B  and  then  scribe 
four  lines  in  a  like  manner,  thus  finishing  the  two  squares.     All 
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is  now  ready  to  drill  and  tap  the  eight  holes  approximately  cor- 
rect, where  the  lines  intersect,  for  the  "button"  screws,  which 
we  use  to  locate  the  ** buttons"  true  for  boring  the  holes.  From 
this  example  it  will  be  at  once  obvious  that  holes  may  be  located 
in  a  like  manner  on  any  given  surface,  providing  that  care  has 
been  previously  taken  to  have  the  surfaces  from  which  the  neces- 
sary measurements  are  taken  perfectly  true  and  square  with  each 
other. 

For  the  third  example,  we  will  take  the  block  shown  in  Fig. 
304,  which  has  a  hole  at  C  and  in  which  it  is  desired  to  drill  two 
more  holes  centrally  with  the  first  one  way,  but  at  angles  with 
it  the  other,  as  shown  by  the  dotted  lines.  We  first  bolt  the 
angle-plate  on  the  table  of  the  miller,  square  with  the  spindle, 


Att^uiar  jffo/es 


Fio.  304. 


and  then  fjisten  the  block  to  the  angle-plate,  at  the  required 
angle  with  the  table.  We  locate  a  plug  in  the  hole  first  drilled 
at  Cy  as  shown  in  Fig.  305,  and  then  find  with  the  height-gauge 
the  exact  distance  the  centre  of  the  hole  is  from  the  table.  Then, 
with  a  plug  in  the  miller-spindle — which  must  run  perfectly  true 
— we  measure  from  the  ping  to  the  table,  raise  or  lower  the  knee 
until  the  centre  of  the  si)indle  is  the  same  distance  from  the 
table  that  the  ceutre  of  the  plug  in  hole  C  is,  setting  it  horizon- 
tally, by  measuring  from  the  plug  in  the  spindle  to  the  angle- 
plate,  or  the  edge  of  the  block  to  be  drilled,  with  the  height- 
gauge.  We  have  now  everything  ready  to  bore  one  of  the  angu- 
lar holes;  wliieh  may  be  accomplished  by  using  a  di^aw-in  collet 
end-mill,  or  a  si ngle-i)oin^JTO boring-tool,  to  fiuish  the  hole.  The 
other  hole  may  then  be  fini^ied  in  the  same  manner  by  reversing 
the  block  on  the  angle-plate  and  proceeding  as  before. 
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In  conclusion  I  may  state  that  experience  has  proved  that 
more  accurate  and  expeditious  results  can  be  obtained  with  the 
height-gauge  than  the  surface-gauge.  Lay  out  your  work  with 
the  height-gauge;  prickpunch  carefully  where  the  lines  intersect 
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— using  a  ghiss  where  unusual  accuracy  is  essential — and  indicate 
Cixrefully  on  the  lathe  face-plate;  drill  the  hole,  and  finish  it  by 
boring.  In  this  manner  you  will  get  as  near  perfect  accuracy  as 
it  is  possible  to  get. 

If  you  are  machinist,  tool-maker,  or  die-maker,  learn  of  the 
multiple  uses  of  the  micrometer-caliper  and  the  height-gauge; 
and  your  ability  to  do  fine  and  accurate  work  will  be  further  de- 
'.eloped  and  your  earning  capacity  will  be  inci^ased.  If  you  ai'e 
a  shop  manager,  superiutendent,  or  foreman,  furnish  your  de- 
partments and  tool -rooms  with  such  tools  and  teach  your  men 
how  to  use  them ;  as  by  so  doing  your  shop  will  j)roduce  more 
and  better  work  accurately  with  ease. 


CHAPTER  XX. 

Mould  Construction. 
MOULDS. 

As  not  infrequently  the  making  of  moulds  form  part  of  the 
tool-maker's  work  it  will  be  well  to  devote  a  chapter  in  this  book 
to  this  interesting  branch  of  his  art. 

Moulds  are  used  to-day  for  the  production  of  a  variety  of  arti- 
cles too  numerous  to  mention.  Eubber  goods,  soft  metal  ware, 
composition  goods,  glassware,  china,  and  a  thousand  and  one 
other  things  that  form  an  integral  part  of  our  twentieth  century 
civilization,  are  produced  in  moulds  made  by  our  most  skilled 
tool-makers.  Let  no  one  think  that  moulds  require  but  little  skill 
to  construct;  for  if  they  do  they  will  find  themselves  greatly  mis- 
taken. In  order  to  construct  moulds  successfully  the  mechanic 
must  l^e  skillful  and  accurate.  In  order  that  the  articles  pro- 
duced in  them  shall  be  as  desired,  and  exact  duplicates  of  each 
other,  the  moukls  must  be  of  the  most  accurate  construction.  In 
fact  an  accurate  mould  must  l)e  constructed  in  much  the  same 
manner  as  an  accurate  drilling-jig  would  be,  as  its  products  are 
usually  of  the  interchangeable  class. 

In  order  that  the  tool-maker  may  be  assisted  in  deciding  upon 
the  proper  type  of  mould  to  adopt  for  the  production  of  an  arti- 
cle of  a  given  shape,  size,  and  form  from  a  given  material,  I 
shall  illustrate  and  describe  in  the  following  pages  a  number  of 
sets  of  moulds  of  the  most  approved  construction.  The  descrip- 
tions will  also  point  out  the  way  to  construct  them  properly. 

MOULDS   FOR  PENCIL  CRAYONS. 

Fig.  306  shows  a  face  view  of  a  mould  for  pencil  crayons. 

As  will  be  seen,  it  was  made  in  two  parts  and  produced  twelve 

crayons  at  once.     Two  castings  A  and  B,  6  inches  wide  by  7 
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inches  long,  vith  lugs  on  one  end  of  each  for  the  liinge  poitionB, 
were  planed  all  over,  with  care  to  get  as  smooth  and  true  surface 
as  possible.  The  castings  were  very  close-grained  and  totally 
free  from  blow -holes.     After  they  were  plaued  they  were  scraped 


on  the  sides  ou  which  tlie  moulds  were  to  be,  uutil  they  were  as 
near  true  as  it  was  possible  to  get  them.  The  lugs  of  the  hinges 
were  then  machined  so  that  ^  fitted  witMu  B  snngly.  The 
halves  were  theu  clamped  together  and  the  boles  drilled  and 
I'eamed  through  the  lugs  for  the  pins  1),  which  were  driven  in. 
The  plates  A  aud  B  were  theu  held  in  the  vise  and  milled  through 
oue  side,  leaving  a  rib  ou  tlio  side  of  each,  as  shown  at  C  C,  aud 
a  depressiou  R  between  them.  While  they  were  still  clamped 
together  the  centres  for  the  twelve  moulds  were  laid  out  and 
prick  punched. 

Next  the  jiiiis  I>  D  were  removed  and  the  plates  separated. 
We  now  have  a  centre  mark  on  the  face  of  each  plate  for  each 
of  the  twel\'e  moulds.  The  plate  A  was  tbeii  strapped  ou  the 
table  of  the  milh-r,  dead  square,  aud  a  line  was  struck  from  each 


no.  BOT.— Tbe  Reamer. 

centre  across  the  plate.  A  <ronvex  cutter,  of  ^'j-iiich  nidius,  was 
then  used,  aud,  starting  ut  the  mark,  was  run  aloug  the  line  ou 
the  fsvce  to  within  J-iuch  of  what  was  to  be  the  total  depth  of  the 
mould.  This  was  done  on  all  of  the  twelve  centres,  and  the 
other  plate  was  milled  likewise,  so  that  when  the  pins  D  D  were 
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inserted  and  the  plates  closed  and  clamped  together  there  were 
twelve  holes,  ^-iiich  in  diameter,  straight  throngh  the  centre  of 
them,  or  a  half  of  a  ^-inch  circle  in  each  plate. 

The  plates  were  then  stood  with  the  side  c  c  np,  and  a 
drill  ^  of  an  inch  nnder  the  final  size,  and  extra  long,  was  run 
down  through  each  of  the  J-inch  holes  to  within  ^-incli  of  the 
bottom,  the  ^-inch  hole  in  each  keeping  the  drill  perfectly  cen- 
tral. A  special  reamer,  of  the  shape  sliown  in  Fig.  307,  was  then 
made  and  fed  down  into  the  hole  left  by  the  drill,  and  by  feeding 
down  very  slowly  a  smooth  round  hole  was  made  with  the  shape 
of  the  point  in  the  bottom.  All  the  twelve  holes  were  gone  over 
several  times,  until  the  exact  depth  was  reached  in  each.  The 
mould  was  then  opened,  and  all  the  dirt  and  chips  were  cleaned 
out.  It  was  then  closed  and  reclamped.  Several  pieces  of 
^-inch  drill-rod  which  had  been  roughed  all  over  were  inserted 
— one  in  each  of  several  holes — and  melted  lead  poured  around 
them.  When  they  were  cold  the  mould  was  opened  and  the  lead 
forms  were  withdrawn,  thereby  furnishing  several  good  laps. 
The  laps  were  run  at  a  high  speed  in  the  drill-press,  using  a  gen- 
erous amouiit  of  oil  and  emery,  and  the  holes,  or  moulds,  were 
lapped  and  polished  to  a  nice,  smooth  finish.  The  plates  were 
then  opened,  and  after  being  well  cleaned  with  benzine  there 
were  seen  twelve  perfect  semicircular  grooves  of  the  size  re- 
quired in  each  plate,  with  deiul-sharp  edges  that  would  leave  no 
fins  on  tho  work.  The  pins  D  D  were  then  eased  a  little,  so  that 
tiie  mould  could  be  opened  without  difficulty. 

The  next  thing  to  be  done  was  to  make  the  latch  F,  shown  in 
Fig.  308.     This  was  made  of  ^-inch  flat  steel  and  fastened  to 
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the  plate  A  by  a  shoulder- screw.  A  small  stud  was  let  into  F, 
for  a  handle  IL  The  spring  Q,  of  stiff  spring  steel,  wa«  made 
and  fastened  so  as  to  keep  a  strong  tension  on  the  latch  F,  The 
lock-pin  J^/waa  then  made  and  hardened  and  inserted  in  the 
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plate  B  so  that,  in  order  to  hold  the  two  halves  of  the  mould 
fast  and  snug,  the  half  B  was  brought  down  sharply  on  to  A, 
and  the  pin  E  striking  the  lat<;h  F  it  was  forced  back  until  it 
snapped  over  the  pin,  thereby  locking  it.  This  proved  a  simple 
and  reliable  latch  and  was  quick  to  manipulate.  The  swinging 
plate  J  for  closing  the  channel  B  was  then  made  of  flat,  cold- 
rolled  steel  and  worked  out  and  finished  to  the  shape  shown, 
with  a  small  handle  at  K  and  swinging  on  the  screw  L.  The 
stop-pin  M  was  let  into  A  and  filed  off  so  that  the  plate  would 
swing  over  and  rest  on  it,  thereby  closing  the  channel  and  pre- 
venting the  liquid  material  from  running  out.     The  other  end 


Fig.  300.  FIO.  310.  FIG.  311.— Butt  Mill. 


was  closed  likewise,  and  the  mould  was  then  complete.  It  pro- 
duced nice,  smooth  crayons  without  the  trace  of  a  fin  or  a  lump 
on  the  entire  surface.  A  slight  shrinkage  which  resulted  in 
them  after  they  became  hard,  allowed  of  their  easy  removal  from 
the  moulds. 

MOULDS  FOR  LEAD  BALKS. 

In  Figs.  312,  313,  and  314  is  shown  a  mould  for  casting  a  lead 
ball  on  to  a  sheet-brass  frame,  as  shown  at  Fig.  309.  This  device 
was  used  as  part  of  a  balancing  m(»chanism,  and  it  was  necessary 
to  have  the  balls  all  exactly  the  same  weight  and  size,  and  in  the 
same  position  on  the  frame.  Tlie  mould  uschI  is  shown  in  three 
views.  Fig.  312  shows  an  inside  view  of  each  of  the  t  wo  sides ;  Fig. 
313  sliows  the  bottom,  andFig.  314thetop.  The  two  halves  of  the 
mould  were  castings,  and  were  machined  all  over  to  the  same 
size,  with  one  dead -smooth  side.  After  being  scraped  in  order 
to  true  tliein,  one  of  them  was  held  in  the  milling- vise,  taking 
care  to  have  the  vise  true  and  the  Mork  down  solid.  Then  the 
butt-mill  shown  in  Fig.  311  mils  held  in  the  small  chuck  and  the 
table  moved  until  the  mill,  while  running,  just  touched  the  end 
of  the  casting  at  C;  the  table  was  then  moved  outward  and  along 
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a  certain  number  of  thousandths  of  an  inch  (and  a  memorandum 
made  of  it)  for  the  fii-st  hole  of  the  mould.  Care  had  been  taken 
to  finish  the  butt-mill  to  a  perfect  half -circle  of  the  radius  re- 
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quired.  The  work  was  then  fed  against  it  and  the  mill  let  in  the 
required  number  of  thousandths,  or  to  the  depth  of  exactly  half 
the  diameter  of  the  mill.     The  screw-dial  graduation  was  then 
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noted,  and  the  work  brought  back  and  moved  along  for  the  next 
hole,  and  so  on  until  the  twenty-one  halves  were  finished. 

The  other  side  D  was  then  held  in  the  same  manner,  the  mill 
set  and  fed  in  the  same  number  of  thousandths  as  before  and 
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then  each  one  milled  to  the  same  depth  as  the  others.  After  this 
was  done  the  halves  were  removed,  and  two  brass  balls  were 
turne<l  up  and  finished  to  exactly  the  same  diameter  as  the 
moulds,  and  one  inserted  in  the  last  hole  in  eacli  end  of  the  plate 
C  The  other  plate  7>  wjuj  then  phiced  on  the  top,  thereby  locat- 
ing the  half -moulds  i)erfectly  true  with  each  other.  A  hole  was 
then  drilled  at  each  end  and  reamed  for  the  dowel- pi nsPF  which 
were  made  and  driven  into  C     The  holes  in  D  were  caused  so 
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that  D  would  go  on  the  pins  nicely.  This  pfoved  a  simple  way 
of  locating  the  molds  exactly  true  with  each  other.  The  holes 
for  the  cap-screws  G  G  were  then  drilled  and  the  two  sides  C  D 
held  fast  together.  A  cutter  just  the  thickness  of  the  stock  used 
for  the  frames  was  then  run  straight  through  at  L  where  the 
two  pieces  C  D  lay  together,  to  the  depth  shown.  C  and  D  were 
then  separated,  and  the  centres  laid  out  for  the  holes  opposite 
each  mould,  as  shown  at  1 1.  The  holes  were  then  drilled  about 
i-inch  deep,  and  reamed  to  allow  the  pins  to  be  driven  in  to  hold 
the  frames  in  place,  as  shown  in  the  upper  right-hand  mould. 
Each  of  the  sides  was  then  set  up  in  the  shaper  and  a  tool  just 
the  width  of  the  frame  at  B  centred  with  the  holes  1 1  opposite 
each  mould,  and  a  channel  planed  into  the  centre  of  each  mould, 
as  shown  at  J,  to  the  same  depth  as  L.  The  idea  and  form  are 
shown  clearly  in  Fig.  312.  The  parts  C  and  C  were  then  put  to- 
gether and  the  screw  G  tightened  and  the  holes  drilled  through 
which  the  lead  was  to  run  into  the  moulds,  as  shown  at  H,  using 
a  No.  40  drill  and  running  into  the  centre  of  each  mould,  leav- 
ing half  a  hole  in  each.  The  sides  Oand  D — still  together — were 
then  held  in  the  mi  Her- vise,  and  an  angular  cutter  was  used  to 
mill  a  trough  for  the  metal  at  K  to  the  length  and  width  shown, 
and,  for  depth,  to  within  ^\-inch  of  the  moulds,  leaving  the 
small  channels  as  shown.  The  two  sides  were  then  separated  and 
the  faces  polished  with  fine  emerj^-cloth  and  all  the  burrs  re- 
moved, being  careful  to  leave  the  edges  of  the  moulds  sharp. 
The  small  pins  were  made  and  driven  in  to  the  holes  7  and  then 
filed  down  to  just  the  thickness  of  the  frames,  and  the  tops 
slightly  rounded.  A  frame  was  then  entered  on  to  Ciich  of  the 
pins,  as  shown  at  M,  thereby  holding  them  all  central,  the  chan- 
nels «/ keeping  them  steady.  The  two  sides  were  then  put  to- 
gether, and  the  mould  being  complete,  it  was  held  in  the  vise. 
The  lead  was  heated  to  run  freely,  ])oured  into  the  trough  A'  and 
running  throngh  the  small  holes  //  into  the  monld.  After  the 
metal  had  st^t,  the  screws  were  loosened,  J>  lifted  off,  the  cast- 
ing i-emoved,  and  the  balls  chipped  otl*  at  the  small  neck  caused 
by  the  holes  //,  leaving  twenty -one  balancing  frames  Mith  a  ])er- 
fect  half  at  the  end  of  each,  all  exactly  the  sjinie.  The  on(*  thing 
necessary  in  making  a  mould  of  this  kind  is  a  perfect  mill  and 
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accurate  spaciDg,  and  the  work  resulting  will  show  no  fin.  The 
machine  used  was  a  Cincinnati  universal,  and  it  was  surprising 
how  dead  accurate  the  spacing  was,  there  not  being  a  diflference 
in  any  of  the  work  produced,  either  in  size  or  shape. 


MAKING  MOULDS  FOR  TELEPHONE-KECEIVEB 

PIECES. 

The  moulds  here  shown  in  Figs.  315,  316,  and  317  are  of  a 
type  used  in  manufacturing  imitation  rubber  or  composition 
goods  for  various  purposes,  such  as  syringes,  bicycle  handles  and 
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parts  of  the  telephone.  The  moulds  were  used  for  moulding  the 
receiver  case  from  a  composition  which,  when  hard,  closely  re- 
sembles rubber,  and  is  known  as  electrose.  Moulds  of  tliis  con- 
struction are  used  in  the  liydraulic  press,  and  the  composition  is 
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in  a  liquid  form  when  pressed  into  the  mould.  The  article  pro- 
duced is  shown  in  a  cross-section  in  Fig.  318.  The  top  or  face 
is  concave  and  the  edges  are  rounded.  The  case  is  thin  at  the 
centre  and  heavier  at  the  outside,  terminating  in  a  square  shoul- 
der and  a  thread  of  18-pitch.  There  is  a  finch  hole  through 
the  centre. 

For  the  mould,  pieces  of  flat  soft  steel  were  planed,  clamped 
with  the  smooth  sides  together,  and  a  hole  E  at  each  end  drilled 
and  reamed  for  dowel-pins.  The  pins  were  forced  tightly  into 
the  lower  plate  and  projecting  properly  into  the  upper  plate. 
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The  sides  and  ends  of  the  plates  were  then  squared  together  in 
the  miller,  and  the  twelve  holes  A  were  drilled  through  both  sec- 
tions and  reamed  to  finish  size.  A  pair  of  temph^ts  of  the  inside 
and  outside  shape  of  the  article  were  filed  out  and  then  special 
counterbores,  finishing-tools,  and  the  tap  were  made.  The  fii-st 
tool,  Fig.  319,  wius  for  the  too  of  the  ease  in  the  upper  section, 
and,  Fig.  320,  was  for  the  face  of  the  core  Fm  the  lower  section. 
N  is  the  forming-  and  cuttiiig-edge  and  the  hole  0  fits.the  stem  of 
the  core.  The  straight  face  counterbore  Q,  Fig.  321,  finishes  the 
twelve  moulds  in  the  lower  plates,  leaving  them  square  at  the 
bottom  and  sizing  them  for  the  tap.  This  tap.  Fig.  322,  as  well 
as  the  three  counterbores,  had  a  central  (u- guide-pin  fitting  for 
the  reamed  holes. 

The  upper  plate  was  clam])(Hl  (not  too  tightly)  to  the  drill- 
press  table,  with  one  of  the  holes  J  directly  under  the  stem  en- 
tered the  hole  T,  as  shown  in  the  cross-si^ction  of  the  plate.     The 
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couiiterbore  wiis  then  fed  down  into  the  phite  to  the  proper  depth, 
and  all  the  twelve  holes  were  finished  in  this  manner,  which  com- 
pleted the  npiH.^*  phite,  except  tlie  lapping. 

Tlie  first  connteiboring  of  the  lower  plate  was  accomplished 
in  the  same  manner  by  the  flat-faceil  connterhore,  Fig.  321.  The 
next  operation  was  to  tap  the  holes,  Miiich  was  done  in  the  same 
drill -press,  running  yery  slowly  and  using  iilenty  of  soap- water 
as  a  help  in  cutting,  and  by  careful  work,  and  by  running  the 
tap  in  and  out  a  few  times,  a  sharp,  smooth  thread  was  secured. 
Tlie  niunerous  flutings  of  the  tap.  Fig.  322,  worked  admirably. 
There  was  also  very  little  lead  to  the  tap,  as  we  wished  the  first 
thread  in  the  finished  case  to  be  as  full  as  possible. 

The  cores  were  then  made  of  miichine  steel,  first  cut  into 
lengths  for  two.  These  pieces  were  first  turned  at  both  ends  to 
form  the  stems  i>  to  be  driven  tightly  into  the  hole  A,  The  pieces 
were  then  cut  in  two  and  held  by  the  stem  in  a  nose-chuck  that 
ran  perfectly  true,  when  the  stud  at  the  opposite  end  was  fin- 
ished to  fit  nic*ely  in  the  holes  A  in  the  upper  plate.  After  this 
was  done  to  all  of  them,  the  facing-  or  forming-mill.  Fig.  320,  was 
used  for  the  face  of  the  cores.  The  cores  being  held  by  the  stem 
Z>  in  the  nose-chuck,  the  centre  in  the  end  of  the  shank  of  the 
faciug-mill  was  placed  on  the  tail-centre  and  the  short  stem, 
turned  on  the  face  of  the  coix»,  entered  the  hole  O  in  the  facing- 
mill,  which  was  then  fed  in  until  the  shape  and  size  desired  was 
produced  on  the  face  of  the  core.  The  twelve  cores  were  then 
highly  polished  and  driven  tightly  into  the  hole  A  in  the  lower 
plate.  All  burrs  thrown  upon  the  face  of  the  plate  by  the  tools 
used  were  then  removed,  leaving  a  sharp  edge  to  each  of  the 
moulds. 

There  then  remained  to  finish  the  moulds  the  lapping  and 
polishing  of  the  upper  plate  whicli  f4>rmed  the  faces  or  tops,  and 
which  requiiTd  a  high  shining  polish  as  they  left  the  mould. 
We  nmde  a  few  lead  laps  by  i>ouriug  lead  into  the  S(H*tions  -B, 
casting  them  around  steel  stems,  which  in  use  ])rojccted  into  the 
holes  Ay  and  then,  by  using  fiour,  emery,  and  oil  and  lunning  the 
laps  as  fast  as  possible,  the  moulds  were  lapped  to  a  finish  and 
polish  that  was  very  nearly  perfect.  By  putting  the  two  i)lates 
together  it  was  seen  that  there  was  not  the  slightest  defect  in  the 
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aligumeut  of  the  holes  A  in  both,  testing  them  as  we  did  with  a 
standard  plug-gauge.  One  side  of  each  of  the  plates  was  then 
marked  "  Front  ^'  to  avoid  mistakes. 

When  moulding  the  cases,  the  upper  plate  was  removed,  and 
the  composition  was  poured  over  the  face  of  the  lower  plate. 
The  upper  plate  was  then  replaced,  and  the  projecting  stems  of 
the  cores  F  in  the  lower  plate  entered  the  holes  A  in  the  upper 
plate,  tliereby  preventing  the  liquid  from  squeezing  out  and  also 
forming  the  hole  J  in  the  finished  case.  The  two  plates  were 
then  placed  under  the  hydraulic  press  and  sufficient  pressure  was 
brought  down  on  them  to  press  the  fluid  into  every  portion  of 
the  moulds,  the  pressure  being  so  great  as  to  force  every  bit  of 
surplus  composition  from  between  the  sections.  This  composi- 
tion was  used  while  very  hot,  and  required  a  few  seconds  to  cool 
before  removing.  When  cooled,  the  upper  section  was  removed, 
and  the  slight  shrinkage  resulting  from  the  cooling  allowed  the 
finished  cases  to  be  removed  by  screwing  them  out  of  the  lower 
plate  by  hand.  When  thus  removed  they  had  a  fine,  smooth 
polish  on  all  the  outer  surf  aces  and  a  good,  sharp,  smooth  thread. 

HOW   AN  ACCURATE    SET  OF    MOULDS   WAS 
MACHINED   IN   THE  PLANER. 

In  Fig.  323  are  two  views  of  the  finished  lower  section  of  a 
mould  used  for  moulding  square  sticks  of  crayons  with  one  end 
cui'ved  and  tapered,  as  shown  in  Fig.  324.  There  were  ten  sets 
of  these  moulds  to  be  made,  and  as  we  were  getting  a  good  price 
for  them  we  were  glad  to  get  the  job.  Now,  as  will  at  once  be 
seen,  the  job  is  a  milling  job,  and  the  universal  milling-machine 
the  machine  to  do  it  in.  As  we  hiul  no  milling -machine,  how- 
ever (universal  or  otherwise),  we  had  to  look  around  for  other 
means. 

At  liust  we  decided  that  they  could  be  finished  throughout  in 
the  planer  by  the  use  of  a  few  special  tools  and  attachments. 
Fig.  325  shows  how  the  sections  of  the  moulds  are  cored  out  at 
the  back  at  A  A,  leaving  a  rim  all  round  the  outside.  These 
sections,  or  plates,  were  of  cast-iron  of  very  close  grain.  The 
twenty  castings  for  the  ten  moulds  were  first  planed  on  the  top 
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aud  bottom,  and  the  mould  face  of  eacli  scruped,  bo  that  the  seo- 
tioiis  would  8urfii«e  at  all  points.  Tlie  sectiona  were  then  paired 
aud  tlie  Loles  Ji  li  drilled  aud  reamed  through  them,  in  the 
posit ious  show u,  for  the  three  dowel-pius  of  Stub  steel.     These 
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pins  were  driven  tightly  into  ouc  section  of  each  of  the  tea 
moulds,  and  the  holes  iu  the  other  sections  eased  up.  The  two 
sectious  of  each  mould  wei-e  theu  numbered  and  the  moulds,  with 


Fig.  384,— Tbe  Piece  rrortucrrt  In 


30 


the  sections  clamped  together,  were  then  strapped  on  the  planer- 
bed  and  (heir  four  Bides  planed  square  with  each  other  and  vith 
the  mould  faces  of  the  section,  care  being  takeu  to  finish  the  lot 


of  ten  to  the  ssvine  width  and  length.  We  were  now  ready  to 
finish  the  moulds  proi)er,  and  to  do  this  the  tools  and  fixtures 
shown  in  the  acco!ni)aiiyinp  illustrations  were  made. 

As  Been  in  Fig.  32+,  the  crayons  produced  in  the  mould  were 
required  to  be  ^^-iuch  (>qiiare,  with  one  end  tapered  and  curved 
19 
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to  a  li^-inch  radius.  They  were  to  be  finished  so  that  they  would 
pi-eseut  a  smooth  surface  on  all  sides,  without  fius  and  with  the 
ends  tapering  symmetrically.  To  accomplish  this  result  in  the 
planer  it  was  necessary  to  provide  means  for  raising  the  form- 

\  I  TO  FINMH  THE  ENM  OT  MOULI  •. 


< 

TEMPLET  FO«\_ 
FINI6HIMGCAM, 

.i 

FIG.  3^. 

ing-tool  (for  finishing  the  moulds)  so  as  to  produce  the  shape 
desired.  The  first  thing  made  was  a  templet.  This  templet  was 
worked  out  with  one  square  side  to  work  from  and  then  finished 
to  a  li-ineh  radius.  It  was  used  to  finish  the  cam  shown  in  two 
views  in  Fig.  32G  and  on  the 
planer-bed  in  Fig.  827.  This 
cam  was  of  cast-iron  with  ears 
at  each  eii<l  to  admit  fastening- 
bolts,  and  with  the  cam  faces 
longiMiough  io  take  in  the  entire 
length  4)f  mould  sections.  It  was 
first  planed  on  the  back  and  the 

CAH  rOR  RAISING  TOOL-HOLDER.  

^""^s"^ T^ 

FORMIMO  TOOi. 


THE  WORK 


METHOD  or  nNISHINO  THE  MOULDS  AND  DUPUCATINO  THE  CURVER  TAPED  CJlOa. 


pcAner  bed. 


Fio. :«:. 

tongue  G  fitted  to  the  central  slot  in  the  planer-bed.  The  cam 
face  F  F  was  then  planed  up  and  finished  to  the  templet,  shown 
at  left  of  Fig.  326,  after  making  sure  that  it  was  at  right  angles 
with  the  sides  of  the  tongue  G.  The  front  side  of  the  casting  wjia 
also  squared  so  as  to  have  a  locating  side  for  the  mould  sections  to 
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square  against.  Next  came  the  tool -holder.  This  was  got  out  of 
a  bar  of  1^-inch  square  mild  steel,  bending  and  drawing  down  one 
end  to  If  by  J,  to  the  shape  shown  in  the  front  and  side  views 
of  Figs.  327-330.  The  end  of  the  extension  at  iV  iV"  was  milled 
through  with  a  |-inch  cutter  to  admit  the  roller  0  of  machine 
steel,  which  was  finished  to  fit  the  slot  N  N  snugly,  and  to  If- inch 
in  diameter,  located  by  the  ^^-inch  stud  P  to  revolve  freely  within 
the  holder.  A  J-inch  square  hole  was  worked  through  the  holder 
to  admit  the  forming-tool.  Fig.  331,  care  being  taken  to  get  it 
square  with  the  sides  of  the  roller  0.  A  hole  was  also  drilled  and 
tapi)ed  to  admit  the  set-screw  Q  for  holding  the  forming-tool. 
This  tool.  Fig.  331,  was  of  f -inch  square  tool  steel,  finished  at  R 
to  a  ,5g..iuch  right  angle,  terminating  in  a  square  surface  on  each 
side  at  S.  The  correct  shape  of  the  cutting  portion  was  carried 
back  to  the  full  thickness  of  the  tool,  giving  the  cutting-edge  the 
amount  of  clearance  shown.  This  completed  the  tools  necessary 
to  finish  the  moulds  in  themselves. 

Now,  as  will  be  seen  in  Fig.  323,  the  moulds  are  constructed 
to  produce  twelve  crayons,  and  it  is  necessary  to  space  the  twelve 
moulds  C  accurately,  so  that  those  in  both  sections  will  coincide 
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FIO.   328. 


with  each  other  perfectly  when  the  sections  are  fastened  together. 
To  do  this,  some  kind  of  an  indexing  device  was  necessary.  The 
use  of  the  notched  hand-wheel,  Fig.  328,  and  the  ^^flopper'*  or 
index-pawl,  Fig.  329,  answered  for  this,  and  allowed  of  the  spac- 
ing of  the  moulds  being  acccomplished  with  rapidity  and  very  lit- 
tle trouble.  This  hand-wheel  was  fitted  to  key  on  to  the  horizon- 
tal feed-screw  of  the  planer  and  had  a  notch  cut  into  its  rim  in 
the  position  shown.     The  "flopper^or  index-pawl  consists  of 
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three  parts:  the  back-plate  /,  the  fiopper  or  pawl  J,  fimsbed  at 
K  to  fit  the  notch  in  the  band-wheel,  and  the  shoulder-screw  L, 
for  faateuiug  the  parts  together.  This  completed  all  fixtoree 
necessary  to  the  finisbiug  of  the  moulds. 

The  manner  of  finishing  the  sections  in  exact  duplication  of 
each  other  and  spacing  them  correctly  is  shown  in  Fig.  327. 
This  is  sufficiently  clear  to  be  understood  with  a 
short  description.  The  cam  for  raising  the  tool- 
holder  is  fastened  to  the  planer  by  bolts  at  either 
end.  The  section  of  the  mould  marked  "the  work" 
is  located  squarely  against  the  square  front  of  the 
cam ;  lengthwise  and  sidewise  i^aiiist  the  stop. 
It  is  then  clamped  securely  to  the  platen  of  the  bed. 
The  tool-holder  is  now  fastened  in  the  tool-post — the 
apron  of  which  has  first  been  set  peifectly  square 
with  the  planer-bed.  The  forming-tool  is  fastened 
within  the  holder — squaring  it  with  the  work  by 
means  of  the  parallel  edges  5' 5  and  allowing  it  to  F^^ 
project  out  of  the  holder  so  the  p()iiit  of  the  cutting- 
edge  is  y^-inch  below  the  face  of  the  rollei',  as  in 
Fig.  327.  The  stroke  of  the  planei-hed  is  tlieii  set, 
the  hand-wheel  fastened  on  Ihe  feed-screw,  and  the       "    *■ 

FiQ.  331. 

"Hopper"  clamped  so  that  the  end  K  will  enter  the 

notch  in  the  hand-wheel,  the  back-plate  of  the  "fiopper"  being 

clamped  to  the  upright  side  of  the  planer. 

Everytliiug  is  now  ready:  Starting  from  one  side  of  the 
mould-plate,  the  forming-tool  is  mo\ed  'over  by  revolving  the 
hand-wheel  a  given  number  of  times,  and  the  indexing-pawl  is 
dropi>ed  into  the  notch.  The  planer  is  then  started  and  the  form- 
ing-tool is  gradually  raised,  thereby  finishing  and  cutting  the 
mould  at  this  end  in  exact  duplication  of  the  shape  of  the  cam 
face.  To  gauge  the  depth  of  the  moulds  tlie  tool  is  fed  down  un- 
til the  straight  edge  S  S  of  the  tool  touchesthe  face  of  the  mould- 
plates.  When  the  first  mould  is  finished  the  tool  is  moved  over 
the  necessary  distance  hy  revolving  the  hand-wheel  and  indexing 
in  the  notch,  and  the  operations  are  rei>eated  until  all  twelve  of 
the  moulds  in  the  section-plate  are  finished.  The  plate  is  then 
removed  and  another  set  up  iu  the  same  manner  and  finished. 
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The  twenty  sections  or  mould-plates  are  all  finished  in  this  man- 
ner, each  one  being  an  exact  duplicate  of  the  other,  and  all  coin- 
ciding perfectly  when  put  together. 

The  method  used  here  for  finishing  these  moulds  can  be 
adapted  for  a  large  variety  of  different  work,  as  will  be  at  once 
seen,  and  the  labor  and  expense  incurred  will  not  exceed  that 
called  into  play  if  the  work  was  done  in  the  milling-machine. 

MOULDS  FOE  BICYCLE   HANDLE-TIPS. 

In  Figs.  332  and  333  are  shown  plan  views  of  the  top  and 
bottom,  respectively,  of  a  set  of  moulds  for  the  moulding  of  com- 
position bicycle  handle-tips,  and  in  Fig.  336  a  cross-section  of 
the  mould  complete.  The  piece  produced  is  shown  in  Fig.  335 
and  the  drawn  and  perforated  tin  shell  which  forms  the  skele- 
ton of  the  work,  and  around  which  the  composition  material  is 


Fig.  332. 

moulded,  is  shown  in  Fig.  334.  The  perforations  in  the  shell  or 
ferrule  are  to  allow  of  the  composition  running  into  them  when 
the  tips  are  being  moulded.  The  moulds  shown  produce  four- 
teen tips  at  a  time,  and  as  the  construction  of  them  entails  con- 
siderable practical  knowledge  and  skill,  it  is  of  sufficient  interest 
to  describe. 

Two  mild-steel  plates  for  the  two  sections  A  and  B  of  the 
moulds  which  form  the  top  and  bottom  respectively,  were  first 
planed  all  over,  and  one  side  of  each  scraped  until  they  surfaced 
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— when  pliiced  together — at  all  points.  Both  plates  vere  ILen 
cliiiiiiH-d  together  aiid  holes  drilled  and  reaiueil  througli  both  for 
the  three  taper  dowel-pins  C  C  C.     Tlie  pins  were  theu  got  oat 
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.11  lie  file.' 

tioilS  sllUH- 

lliv  iilalc 
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bottom  plate,  and  the  two  sections  placed  to- 
ken ofl'  :ill  four  sides  to  get  both  plates  diipli- 
Tlio  111])  ai-etion  Wiis  then  removed  from  the 
laid  oiii  fiu'  (lie  fiiiiiteeii  eoi-es  C  in  the  rela- 

II  in  Die  itlaii  virws,      Holes  were  then  drilled 

III  Ihew  jmiiits  anil  reamed  to  .size  (-[V-ineh), 


ajul  llhMi  i-imnlei-snnk  slitrhtly  al  the  bafk.  Tlie  two  sections 
wure  then  reelani])t'(l  loRethcr,  the  llirec  di.wcls  ('  C  C  locating 
tliem^anil  the  holes  in  the  lo])  .'section  ti-ansferrcii  to  tiie  lower, 
drilling  irilo  u  depth  slightly  less  than  the  total  ilcplli  to  which 
the  nionlds  were  to  be  finished,  as  shown  at  /.'in  ihe  crofw-sec- 
timuU  views,  Fig.  3D*i.  Tlie  npjier  .iicction  was  now  icmovcd  and 
the  holes  drilled  in  tlie  lower  section  con iiterl Hired  tti  |-incli  in 
depth,  and  in  diameter  to  the  size  of  the  reamer,  Fi^.  3.17.  The 
semicircular  channels  in  the  face  of  each  mould  at  F  were  then 
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let  ill,  and  finished  by  using  the  tool  shown  in  Fig.  338,  the  end 
of  which,  at  By  fitted  the  holes  reamed  by  the  reamer.  Fig.  337, 
snugly,  the  cutter  J  finishing  the  channels  to  the  required 
depth.  A  finishing,  reamer  of  the  exact  taper  and  size  required 
was  then  let  in,  finishing  the  moulds  to  the  shape  and  depth 
shown  in  Fig.  336,  the  upper  edges  or  largest  diameter  of  each 
just  meeting  the  inner  edges  of  the  semicircular  channel  F,  leav- 
ing a  sharp  edge  all  around.  The  moulds  were  then  lapped  to 
a  high  finish,  getting  all  marks  and  scratches  out  by  the  use  of 


Fig.  337. 


Fio.  338. 


FlO.  338. 


the  eop]HM'  expansion  lap  shown  in  Fig.  339,  and  flour,  emery, 
and  oil.  The  lower  section  of  the  moulds  was  now  complete. 
To  finish  the  upper  section  there  remained  the  fourteen  cores,  as 
shown  inthei)lanview.  Fig.  332,  and  in  the  cross-sectional  views. 
Fig.  33(j,  at  G.  These  cores  were  made  in  the  lathe,  and  were  of 
machine  steel,  first  cutting  off  j)ieces  of  sufficient  length  to  get 
out  two  cores,  and  then  centring  them  and  turning  down  each 
end  to  fit  tightly  the  reamed  holes  in  the  upi>er-section  plate. 
The  pie<*('s  wore  then  cut  in  two  and  held  in  a  nose-chuck  by  the 
finished  stems,  and  the  core  faces  turred  and  finished  to  the  re- 
<|uii(Ml  sha])e  and  size  with  a  forining-t<x)l — that  is,  to  just  fit  the 
inside  of  the  tin  ferrules,  Fig.  335.  The  stems  of  these  cores 
were  then  driven  into  the  holes  in  the  upper  sections,  shoulder- 
ing tightly  within  the  plate  as  shown  at  Z>.  The  mould  was  now 
c(>ni])le*e  and  ready  for  work. 

One  of  the  jx^rf orated  tin  ferrules.  Fig.  335,  was  slipiKHl  on 
to  (»ach  of  the  cores  and  the  composition  to  be  moulded  spread 
into  the  moulds  E.  The  two  sections  were  then  located  together 
by  the  three  dowels  C  C  C,  and  the  mould  placed  under  the 
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hydraulic  press  and  the  two  sections  forced  together,  which 
caused  the  composition  to  compress  to  the  limit,  with  the  surplus 
forced  out  from  each  mould  and  into  the  semicircular  channels 
in  the  face  of  the  sharp  edges  on  the  insides,  trimming  the  stuff 
from  that  within  the  moulds.  The  mould  was  now  removed  from 
the  pi-ess  and  the  sections  separated,  when,  by  rapping  the  lower 
section  and  the  back  with  a  mallet,  the  moulded  pieces  dropped 
out,  the  result  being  fourteen  highly  finished  tips  of  the  shape 
shown  in  Fig.  344.  The  perforated  tin  ferrules  on  the  inside  of 
the  tips  made  them  strong  and  durable,  and  the  presence  of  the 
pierced  holes  L  around  the  shells  for  the  ^composition  to  run 
into,  eliminated  the  possibility  of  the  two  parts  separating,  or 
the  composition  loosening  or  chipping  off. 

MOULDS  FOE  "POKEEr-OHIPS." 

In  Fig.  340  is  shown  a  cross-section  view  of  a  mould  for 
poker-chips,  and  in  Fig.  341  a  plan  view  of  the  bottom  section. 
As  both  sections  of  this  mould  are  exact  duplicates  of  each 
other,  the  one  illustration  will  serve  for  both.     The  manner  of 


Fig.  340. 

preparing  the  mild -steel  plates  for  the  sections  M  and  N,  Fig. 
340,  and  the  manner  of  locating  them  by  the  three  dowel-pins 
0  0  0  jire  the  same  as  that  pursued  in  tlie  other.  As  can  be  seen 
in  the  plan  view  of  the  section -plate,  Fig.  341,  the  mould  had  a 
capacity  of  sixteen  chips.  The  manner  of  spacing  these  moulds 
and  finishing  to  coincide  with  each  other  is  as  follows:  The  two 
I)lates  after  being  doweled  together  ale  planed  square  on  all 
sides;  one  side  of  each  then  marked  to  work  from,  choosing  op- 
posite sides.  One  of  the  sections  is  then  clamped  facing  the 
spindle  to  an  angle-plate  on  the  universal  milling-machine,  with 
the  marked  end  resting  squarely  on  the  miller-table.  The  form- 
ing-mill. Fig.  342,  is  then  held  in  the  miller-chuck,  and  the  table 
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raised  Tiiifil  tJie  work  is  in  liue  witU  the  first  row  of  moul<is. 
The  table  is  then  moved  along  nutil  the  cutter  will  just  touch  the 


side  of  the  plate.     We  now  move  (he  table  loiigiliuliiially  the 
exact  distance  required — by  noting  the  graduated  dial  on  the 
feed-sci-ew— and  the  first  mould  is  finished  by  moving 
the  work  against  the  cutter;  letting  it  in  the  nunilnT 
of  thousantls  required.     The  work  is  then  Imeki-d  onl 
and  the  table  moved   for  the   nest  mould,   treating 
each  mould  of  the  first  liue  in  the  same  manner  and 
getting  them  exactly  the  same  number  of  thousands 
apart.     When  the  first  row  is  finished,  the  table  is 
raised  the  same  distance  as  the  space  between  the 
first  row  of  holes,  then,  by  starting  from  the  SJimc  side 
for  the  flrat  row,  the  second  row  of  holes  Ls  finished, 
and  BO  on  until  all  are  complete.     The  one  thing  nec- 
essary  is  the  accurate  spacing  and  sinking   of  the 
moulds,  being  sure  to  take  up  all  back  lasli  iu  the  feed-      *'"'  '^' 
screws  before  starting  Ihe  divisions.   When  lettiug  in  the  forming- 
cutter,  a  generous  supply  of  oil  was  kept  running  on  the  cutter. 
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the  cattiog-edges  of  which  had  been  groiuid  and  oil-stoned  to 
take  Bmooth  poliyhing  cuts. 

The  finishing  of  the  other  sections  xras  accomplished  in  the 
same  manner  a&  the  first,  starting  from  the  marked  side  and 
working  from  it  as  in  the  other.  Id  the  plan  view.  Fig.  341,  Q  Q 
are  the  moulds  and  £  E  the  semicircular  channels  for  the  snrplns 
stock  to  run  into.  These  moulds  were  required  to  be  finished  50 
that  the  outer  edges  of  the  "chips"  produced  would  be  about 
0.005  higher  than  the  centres,  this  being  necessary  in  order  for 
the  chips  to  "stack  "  well  and  even.  The  moulds  were  lapped 
and  polished  smooth  by  means  of  a  lead-lap  in  the  drill-preas, 
ranamg  it  at  a  high  speed  in  order  to  get  a  high  finish  in  the 
moulds. 

SPHERICAL  MOULDS. 

Moulds  and  dies  for  spherical  forms  of  various  radii,  snch  as 
globes  and  rings,  often  have  to  be  formed  iu  the  lathe.  Snch 
moulds  arc  used  particularly  in  rubber  factories  for  balls  and 


bicycle  tirew,  and  the  little  tool  illustnted  in  Figs,  34.3  and  344 
was  desigmnl  for  such  requirenienti  la  it  wis  found  rather  ex- 
pensive to  mjikc  foriniiig-tools  for  each  size  of  mould  that  had  to 
be  made.  The  fi\liiix>  was  designed  to  be  bolted  on  to  the  car- 
riage of  the  lathe  by  bolts  intheT-slotof  the  tool-carrying  block. 
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tlins  giving  it  all  the  ordinary  nioremeDts  giveu  to  a  lallie-tool, 
Titb  the  additional  cin^nlar  ooes. 

The  tool,  as  shown  in  the  drawiag,  consists  of  the  cast-iron 
base,  having  a  tongue  which  fits  the  T-slot  of  the  tool-lilock,  and 
is'firmly  held  thereon  by  the  bolts  shown.  A  cup  is  fastene^l  to 
the  base  by  counterbored  screws,  while  projections  npon  it  and 
a  groove  in  the  base  sene  to  locate  the  cap.     The  worm-gear, 


having  trunnions  integral  with  it,  is  Joiirnaled  in  the  cxtensiOD 
or  wings  of  the  base  anil  cap.  Meshing  with  the  worm-gear  is 
the  worm,  Ihc  sliaft  of  which  is  JMiirnale<l  by  the  liiiMf  and  cap 
and  extends  toward  tlie  front  of  the  lathe,  wliert^  it  lenninales  in 
'  the  baud-wheel  at  a  convenient  lenglli.  An  oblong  slol  Ih  cut 
in  the  worm-gear  to  receive  the  turning-tool,  which  is  fnHteuHl 
by  the  central  wl  screw. 

Asmoul<h)and  dies  are  nmtally  msule  in  halvcH,  it,  iHnol.  often 
required  to  turn  out  mnrt!  than  lliis,  but  pro{><4'  propoii  inning  of 
the  fixture  allown  as  much  iuh  Iwo-lhinlH  of  (he  spliere  lo  iKt 
turned  out.  The  device,  of  course,  will  turn  out  nioiildH  foi'  cir- 
cular rings  as  well  as  for  Intlls  by  simjily  Netting  it  out  from  the 
line  of  centres  to  the  reijuired  mdiiut. 


CHAPTER  XXL 

Special  Tools,  Fixtures,  Devices,  Arrangements,  Con- 
trivances, and  Novel  Methods  for  Metal- Working. 

THE  DEVISING  AND   CONSTEUCTING  OF  SPECIAL 

TOOLS. 

While  the  constructing  of  the  regular  types  and  standard 
classes  of  tools  necessitates  skill,  accuracy,  judgment,  and  experi- 
euce  on  the  part  of  the  tool-maker,  it  is  in  the  devising  of  special 
means  for  the  rapid  and  economical  production  of  special  work 
that  his  ingenuity  is  utilized.  The  ability  to  devise  special  tools 
for  special  work  is  one  to  be  prized,  and  should  always  be  en- 
couraged and  developed.  In  this  chapter  are  illustrations  and 
descriptions  of  a  large  variety  of  special  tools,  fixtures,  devices, 

m 

arrangements,  and  novel  methods  for  metal -working;  by  making 
himself  familiar  with  them  the  mechanic  will  find  no  difficulty  in 
devising  means  for  the  rai)id  i)roduction  of  any  special  part ; 
while  the  descriptions  of  the  proper  ways  to  make  them  will 
show  how  to  avoid  all  unnecessiiry  expense  and  labor. 

A   SET   OF   TOOLS   FOE  MACHINING   A   CA^I. 

The  illustrations  sliow  a  set  of  tools  for  machining  a  repeti- 
tion casting  of  unusual  shape,  which  was  used  as  a  cam  .on  an 
automatic  machine  for  making  fruit -baskets,  and,  as  some  of  the 
tools  are  of  a  novel  and  improved  design,  a  slight  description  of 
them  will  suggest  their  use  lor  other  work. 

The  casting  machined  is  shown  in  Fig.  345.  It  is,  to  say  the 
least,  a  rather  diflicult  piece  to  machine,  because  of  the  irregular 
cam  surface.  This  cam  surface  was  required  to  be  finished  very 
accurately  and  so  that  the  castings,  when  finished,  would  inter- 
change perf'eetl}'.  The  other  portions  of  the  casting  to  be  ma- 
chined so  as  to  interchange  were  the  boring  and  reaming  of  the 
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hole  A,  the  faciug  of  the  hab  at  G,  of  the  sides  C,  »ud  the  fiuish- 
ing  of  the  eonical  surface  at  D.     The  hub  B  vas  left  roagb. 

The  Dumber  of  operations  required  to  finish  the  easting  ms 
three — the  first  being  ilooe  in  the  turret-lathe  aud  the  other  tiro 


in  the  engine-lathe.  The  first  operation  consisted  of  borinj;  the 
hole  A  and  reaming  it,  facing  the  hub  G,  and  machining  and  fin- 
ishing the  conical  surface  D.     The  tools  used  in  this  operation 


are  shown  in  Figs.  346  to  350.  Fig.  346  is  a  combination  boring 
and  tmb-faeiiig  tool  used  to  boie  the  hole  A  and  face  the  hub  G 
at  the  same  time.     It  consists  of  a  long  stem  H,  with  the  cutter 


/  in  a  slot  in  the  end  held  by  the  taper-pin  J,  and  the  liub-facing 
tool-holder  K,  which  is  located  on  the  bar  by  the  set-screw  L, 
the  point  of  which  screws  into  a  milled  channel  in  the  enfter- 
bar,  as  shown  at  Q.     The  hub-facing  cutter  N  is  held  in  position 
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by  the  two  set-acrews  N  N,  P  is  the  usual  split  buahiiig  a&  used 
in  the  turret-latbe. 

For  reaming  the  hole  A  the  reamer  Fig.  357  is  used.  This 
reamer  consists-of  the  body  Q,  of  tool  steel,  and  six  cutters  or 
blades  T.  These  blades  are  let  iuto  iuclined  channels,  as  shown 
by  the  dotted  lines  at  U  V,  to  allow  the  readjustment  after  being 
worn,  or  after  grinding.  The  blades  are  held  by  taper-beaded 
screws  W  which  are  let  into  the  centres  of  the  narrow-sawed  slots 
V.  By  tightening  these  screws  the  metal  is  forced  tightly  against 
the  blades,  thus  holding  them  securely. 

Fig.  348  shows  the  tool  used  for  roughing  off  the  conical  sur- 
face S.    The  tool  has  three  cutting-poiuts  K  and  is  gradually 


rfid  along  under  the  surface  by  the  hand-lever,  the  shank  of  the 
tool  being  held  in  the  tool-post.  This  surface  was  finished  by  a 
flat-bliided  tool  of  snificient  width  to  take  the  entire  line  at  once. 
The  second  operation,  facing  the  two  sides  C  C,  thus  sizing 
the  width  of  the  cam  face,  is  done  in  the  lathe  by  the  special 
double-facing  tool,  Fig.  349.     Three  castings  are  located  on  an 
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arbor  at  once  and  fiisteiied  by  a  nut.     The  tool  is  held  in  the 
tool-post  iu  the  usual  vay. 

The  last  operation,  machining  the  cani  surface,  van  the  most 
difficult.  It  also  w:ls  done  iu  the  lathe  with  four  special  fixtures. 
These  were:  A  special  slide-rest  for  the  cutting -tool,  a  special 


cross-slide  for  the  lathe,  a  combined  master-cam  and  chock,  and 
a  locating-  and  supporting -stud  for  the  work.  These  fixtures,  in 
position  on  the  lathe  with  the  work,  are  shown  iu  Figs.  350  and 


361.  The  master-cam  and  chuck  was  a  forging,  which  was  first 
fitted  to  the  spindle  of  the  lathe,  after  which  the  chuck  portion 
was  finished  with  an  internal  conical  surface  at  /  J  as  a  locating- 
point  for  the  conical  surface  D  Dot  the  work.  The  cam  portion 
was  then  laid  out  and  finished  on  the  universal  milling-machUie. 
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The  Btud  or  arbor  for  the  work  wus  of  tool  steei  flnislied  as 
showu,  hardened  and  screwed  tightly  iuto  the  chuck  portion  of 
the  master-cam.  shouldering  on  it  at  1/  Has  shown ;  the  aorface 
M  was  then  ground  to  fit  the  work. 

The  special  cross-slide  for  the  lathe  is  in  reality  a  compound 
rest,  the  only  diflference  being  that  the  smaller  rest  does  not  swivel. 
The  cam-roller  was  of  tool  steel  and  was  hardened  and  ground 
to  a  smooth  finish  and  located  on  a  hanlened  and  ground  pin  O 


within  the  bnicket  K.  A  chain  li  is  attached  to  the  hook  at  the 
back  of  llie  slide  and  is  supported  by  a  iiillcr  at  llie  back  of  the 
latlic,  with  a  heavy  weight  fastened  to  the  hanging  end  of  it. 
Thus  the  movement  of  the  cross-slide  is  derived  from  Ihe  master- 
cam  iS  iS  working  against  (he  cam-roller.  As  can  I>e  seen,  the 
constrnction  of  the  cross-slide  is  strong  and  llie  rigidity  of  the 
cutting-tool  is  insuivd.  The  cam  surface  wa-s  fii-st  tnrned  to 
wilhin  a  few  IhoiLsandths  of  an  inch  of  the  finish  size  and  then 
finished  to  gauges  by  grinding — this  being  e:i«ily  accomplished  by 
the  use  of  a  small  tool-post  grinder  driven  by  a  i-ound  belt  from 
a  drum  overhead. 

CUTTIXO   A   COARSE-PITCH   SCREW. 

Fig.  352  is  a  sketch  of  a  coarse-pitch  screw  which,  because  of 
the  iinnsnal  jiitcli,  vraa  cut  and  finished  under  difflcnlties.  The 
screw  was  30  int-hes  long,  2  inches  in  diameter,  with  one  thread 
to  3  inches.  After  rigging  up  the  gears  on  the  strongest  lathe  in 
the  place  it  wiLS  found  that  the  slowest  spei'd  we  could  get  was 
too  fast,  and  after  breaking  all  the  teeth  a  new  pair  of  gears  was 
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got  out  to  replace  the  broken  ones.  A  piece  of  machine  steel 
was  turned  np  and  reduced  at  one  end  to  screw  into  the  tapped 
hole  for  the  gear-screw  in  the  end  of  the  lead -screw  of  the  lathe, 
and  an  8-inch  pulley  keyed  on  this  extension  piece.  A  spare 
countershaft  was  now  located  and  fastened  to  the  floor.  The 
driving-belt  was  removed  from  the  lathe  and  we  then  belted 
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from  the  main  shaft  to  the  countershaft  on  the  floor  and  from 
the  countershaft  to  the  pulley  of  the  lead-screw.  We  thus  re- 
versed niattei-s,  and  instead  of  the  lathe-spindle  driving  the  lead- 
screw,  we  had  the  lead-screw  drive  the  spindle.  Thus  while  the 
lead-screw  fed  the  thread-tool  at  the  proper  speed  the  work 
turned  very  slowly  and  the  screw  shown  and  several  others,  as 
well,  were  finished  without  any  further  trouble. 

MAKING  THIN  THREADED  BRASS   RLNTGS. 

In  Figs.  353  and  354  respectively  are  shown  the  means  used 
for  accomplishing  a  nasty  little  job  in  a  very  simple  manner. 
We  were  making  a  lot  of  thirty-two  acetylene-gius  lamps,  and 
during  the  process  of  manufacture  it  was  necessary  to  make  and 
sweat  a  threaded  brass  ring  into  one  of  the  shells.  These  brass 
rings  were  made  from  2-inch  brass  tubing  and  were  required  to 
be  finished  to  J -inch  wide  and  threaded  22-pitch.  The  tubing 
had  a  wall  of  only  ,\-inch,  and  as  it  wius  impossible  to  cut  off 
and  thread  the  rings  in  the  usual  manner  in  the  lathe,  the  fol- 
lowing simple  means  were  used:  A  i)icce  of  soft  wood  was 
turned  up  on  centres  to  fit  a  length  of  tubing,  as  shown  in  Fig. 
353 — finishing  one  end  somewhat  smaller  than  the  other,  so  that 
the  tubing  could  be  forced  on.  Then  by  driving  this  wooden 
arbor  between  the  centres,  the  rings  were  cut  off  with  ease,  as 
shown,  without  in  the  least  affecting  their  trueness.  After  being 
cut  apart  the  rings  would  come  off  the  arbor  easily.  The  burrs 
were  then  removed  with  a  hand-tool,  and  the  rings  were  threaded 

by  holding  and  locating  them  in  a  wood-chuck  of  the  shape 
20 


306  TOOL-MAKING  AND 

sliovii  ill  Fip.  :ir>4.     Thi.i  t'liuck  was  of  soft   wood  aud  was 
tnrueil  at  ti  so  as  to  allow  of  its  being  held  iu  the  regular  lathe- 


ohiu'k;  ttieu  bored  out  on  the  face,  so  that  a  brass  ring  would  fit 

tightly  within  it  and  trnc  itself  agiiinst  the  shouldor  at  N II. 

Pour  round-head  screws  ai  J  J  -/, 

when  tightened  down  against  the 

edge  of  the  ring,  also  helped  to  hold 

it.     Tlic    rings  were  threaded   in 

this  manner  by  the  usual  threniliug- 

tool  and  fitted  to  a  plug,  and  were 

i-emoved  from  the  chuck  by  scivw- 

ing  the  ping  iu  for  a  few  thiv:i<is 

and  pulling  the  ring  out.     Some  of 

the  rings  would  not  fit  the  ehnck 

tightly,  but  by  taking  a  piece  of 

wet  waste  and  wetting  tlie  locating 

portion   of    the    chuck,    it    would 

P„i  .^-j  shrink   sufficiently  to  hold.     Any 

one   who  lias  ever  tried  woik  of 

his  kind  with  tlie  usnitl  moans  at  hand  in  tlie  lathe,  will  appi-e- 

■iate  lliis  simjile  iind  effective  nielliod. 


A  DUILr^l'HESS  JOB. 

The  .sketeh,  Fig.  .1.').'),  shows  how  an  unusual  job  was  accom- 
plislutl  in  a  simple  manner  with  the  In'st  means  available,  which 
were — 1o  sjiy  the  least — not  meant  for  the  Job.  The  work  was  a 
biise  easling  of  a  Iwo-eylinder  pump  model,  and  it  was  nei-essary 
to  bore  two  1  J-incli  holes  iu  it  in  the  position  shown.  The  luthe 
we  had  was  loo  small  to  allow  of  swinging  it  on  the  fiU'epIale, 
and  the  only  drill-press  in  the  shop  (which  was  a  private  ex'|>i'ri- 
niental  shop)  was  an  8-inch  sensitive  drill.     So  by  means  of  tlio 
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adjustable  cutting-tool  shown  we  did  the  job  on  the  small  drill. 
First  we  drilled  and  reamed  two  small  holes  the  required  distance 
apart  for  the  centres,  as  shown  at  K,  as  locating-  and  truing-points 
for  the  tit  M  of  the  tool  R  as  shown.     The  tool  was  fastened  in 


Ctttbif  Tool  l^= 


Fio.  355. 


the  chuck  and  the  work  located  and  clamped  to  the  tabic  and 
the  holes  finished  as  shown  in  the  sketch.  The  tool  used  for 
this  job  can  be  used  for  a  variety  of  others  as  well. 


A  "8TEP-JIG." 

The  sketch,  Fi^.  356,  is  meant  to  show  one  end  of  a  hard  rub- 
ber plate  which  was  accurately  finished  on  the  side  to  7|  inches 
wide,  51  feet  long  and  to  finch  thick.     In  this  rubl)er  plate  there 
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were  to  be  drilled  fiftj'-two  rows  of  holes,  |-inch  apart  and  625 
holes  in  each  row,  the  size  of  a  No.  60  drill.  The  number  of 
holes  in  all  was  32,500,  and  each  and  every  one  of  these  holes 
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were  required  to  be  accurately  spaced,  as  the  rubber  plate  was 
to  be  used  as  a  part  of  the  mechauism  of  a  music-box,  a  steel  pin 
being  afterward  inserted  into  each  hole.  There  was  to  be  a 
i-inch  margin  on  all  four  sides  of  the  plate. 

The  jig  used  for  drilling  and  spacing  the  holes  is  shown  in 
two  views  in  Fig.  357.  As  the  sketch  explains  itself,  very  little 
description  is  required.  As  shown,  there  is  one  row  of  fifty-two 
holes  running  in  a  straight   line 

Hi^   ^  b:      from  J  to  J)  and  i-inch  from  the 
-«^.j  r-i    jjQigg  2i^  ^\^Q  extreme  ends  of  this 

line  other  holes  as  shown  at  I  I. 
These  two  holes  are  for  spacing  the 
rows  of  holes  in  the  plate  when 
drilling,  by  drilling  the  first  hole 
|-inch  from  the  end  of  the  plate 
and  then  locating  the  jig  for  the 
next  row  by  inserting  the  two  locat- 
ing-pins  K  K  into  and  through  the 
holes  //  and  into  those  coinciding 
in  the  plate.  The  holes  in  the  jig 
were  spaced  and  loc4ited  in  the 
univei^il  niilling-machiue  by  using 
a  small  stift'  cent  re -drill  for  cen- 
tring all  holes,  and  afterward  drill- 
ing and  reaming  them  on  the  sensi- 
tive drill.  The  manner  in  which  the  jig  is  used  and  the  work 
drilled  can  be  understood  from  the  sketches.  The  drilling  of 
these  32,500  holes  took  some  time,  and  after  each  day's  work 
on  them  it  was  necessary  to  lay  the  rubber  plate  on  the  planer- 
bed  and  put  heavy  weights  on  it  so  as  to  prevent  it  from  warping 
during  the  night. 
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Fig.  357. 


A  DRILLTXG  JOB   IX  THE   PLANER. 

I  saw  the  following  combination  used  to  advantage  one  day 
while  looking  through  a  small  country  jobbing-shop.  It  consisted 
of  a  1-inch  drill,  a  lathe-centre,  a  dog,  and  a  stick  of  wood  about 
three  feet  long.  They  were  used  for  drilling  three  1-inch  holes 
in  the  bed  of  an  old  i)laner.     The  lathe-centre  was  clamped  in 
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the  tool-post  of  tlie  planer  and  the  dog  fastened  to  the  shauk  of 
the  l-ioch  drill.  The  point  of  the  drill  was  entered  into  a  cen- 
tre-puneh  mark  in  the  planer-bed,  and  the  point  of  the  centre  en- 


tered into  the  shank  end  of  the  drill.  With 
OIK'  hand  the  drill  was  turned  by  using  the 
stick  of  wood  as  a  lever,  and  with  the 
uthei-  the  tool-head  was  fed  down.  In  this 
manner  the  holes  were  drilled.  AVhile  the  use  of  the  lathe-centre 
and  the  cross-head  as  an  "old  man"  was  all  right,  I  thought 
that  the  dog  and  stick  method  was  mther  obsolete,  until  the 
"boss"  of  the  ])lace  told  me  that  they  bad  no  ratchet. 


A   SPEIXG-HTNDIKG   FIXTUEB. 

Fig  358  shows  two  views  of  a  simple  and  handy  little  spring- 
winding  fixtnre  which,  as  the  sketches  show  its  constructiou 
clearly,  requires  little  description.  The  body  J"  is  a  piece  of 
finished  ^-inch  square  mild  steel,  and  one  end  is  constructed  and 
fitted  for  winding  gauged  springs,  while  the  other  end  is  for 
closed  springs.  The  end  for  the  gauged  springs  has  a  hole 
through  it  at  Z  for  the  rod  L  on  which  the  spiing  M  is  wound. 
For  a  gauge  for  winding  the  springs,  the  spring  U  is  used,  it 
being  located  and  fsistened  to  the  sides  of  T  by  the  small  clamp 
¥.  V  is  a  small  plate  fastened  to  the  body  at  X,  with  a  guide- 
way  at  ir  for  the  wii-e.  When  in  use  the  rod  L  on  which  the 
spring  la  to  be  wound  and  the  end  of  wire  are  fastened  in  the 
lathe-chuck,  the  projecting  end  of  the  rod  entering  the  hole  Z  in 
the  winder.  Then  the  winder  is  given  a  couple  of  turns  around 
the  rod,  so  that  the  gauger  U  will  have  twisted  around  the  wire. 
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The  fixture  is  then  fastened  in  the  lathe  tool-post  and  the  lathe 
started,  holding  the  wire  tight  hy  the  hand  and  letting  it  run 
down  the  guideway  as  shown. 

The  other  end  of  the  winder  is  used  {is  shown.  The  screws 
P  P  and  0  0  are  for  adjusting  a  guideway  for  the  wire  which 
passes  under  the  roller  Q  and  is  wound  around  the  rod  Sy  as 
shown  at  R. 

A  SOLDERDs^G  FACE-PLATE. 

• 

One  of  the  handiest  things  around  the  jobbing-shop  is  a  solder- 
ing face-plate.  The  number  of  small,  odd,  and  intricate  little 
jobs  which  can  be  accomplished  with  ease  by  its  use  is  surpris- 
ing. The  one  we  had  was  fitted  up  to  locate  and  fasten  on  the 
face-plate  of  the  Hendey-Norton  lathe.  It  consisted  of  a  disk 
of  cast  composition  about  one  inch  thick  and  slightly  under  the 
diameter  of  the  face-plate.  After  being  faced  on  one  side  it 
was  located  and  fastened  to  the  face-plate  by  means  of  four 
countersunk  head-screws  which  were  let  in  from  the  back,  thus 
allowing  of  its  easy  removal  when  through  with  it.  One  of  these 
plates  should  be  kept  in  every  tool-room,  and  one,  1  inch  thick, 
will  last  a  long  time  and  pay  for  itself  over  and  over  again  be- 
fore being  worn  out. 

MAKING  COLLET  SPRING   CHUCKS. 

The  following  kink  I  found  very  handy  when  making  collet 
spring  chucks  of  the  shape  shown  in  Fig,  359.  After  finishing 
them  in  the  lathe,  leaving,  of  course,  enough  stock  to  lap  and 
grind  to  a  finish,  face  them  on  an  arbor  and  saw  the  sirring  slots 

as  shown — that  is,  at  the  end  of  each 
slot,  as  shown  at  T  and  V,  instead 
of  cutting  completely  through  at  this 
point,  leave  a  very  thin  wall  of  about 
^-inch  long  at  the  end  of  all  the  cuts. 
Then  harden  and  temper  the  chuck 

FIG.  359.  ^ 

as  desired,  and  after  lapping  the  in- 
side to  size,  place  on  another  arbor  and  grind  the  tapers  as  re- 
quired. Then  take  a  small,  narrow  broach  and  by  entering  it 
into  the  slots  and  liitting  it  a  sharp  blow  with  a  hammer  the  thin 
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wall  will  break  through.  This  kink  I  have  used  to  the  best  ad- 
vantage in  shops  which  had  no  grinding  facilities.  When  pro- 
ceeding as  aforesaid,  it  was  possible  to  finish  the  outside  and 
tapers  to  size  before  hardening  without  the  possibility  of  the 
chucks  running  out  to  a  noticeable  extent.  Of  course  in  work 
of  the  utmost  accuracy  this  method  would  not  do.  But  then 
again,  work  of  tlie  utmost  accuracy  is  not  accomplished  in  shops 
where  the  tool  facilities  are  not  up  to  date. 

A  FLAKING-STICK. 

In  Fig.  360  is  shown  a  sketch  of  a  little  kink  which,  while  no 
doubt  old  to  many,  may  be  new  to  some.  It  is  a  fiaking-stick, 
and  may  be  used  to  produce  that  circular  flaking  often  seen  on 
the  inside  of  watch-cases  and  often  desired  for  a  finish  on  diflfer- 
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ent  polished  small  parts.  It  consists  of  a  stump  of  a  lead-pencil 
and  a  piece  of  emery-cloth,  as  shown,  fastening  both  in  the  chuck 
of  the  small  drill-press,  then  running  it  fast  and  coming  down 
on  the  work  for  a  second  and  then  shifting  it  and  coming  down 
again.  The  finished  effect  is  fine  when  a  little  care  is  taken  to 
move  the  work  evenly. 

DKILLING   HOLES   IN   A  HELICAL  SUEFACE. 

Fig.  3G1  shows  a  drilling  fixture,  with  the  work  in  position, 
for  drilling  a  500  lot  of  malleable  iron  castings  of  the  shape 
shown.  In  these  castings  it  was  necessary  to  drill  twelve 
equally  spaced  holes  c  c  c  around  the  helical  portion.  The  de- 
sign of  the  fixture  and  the  manner  in  which  it  was  used  are 
shown  clearly  and  can  be  understood  without  description. 

MILLING   IN  THE  DEILL-PEESS. 

Fig.  362  shows  the  use  of  a  small  fixture  for  milling  in  the 
drill-press,  a  portion  J  out  of  a  small  eccentric  cam-shaft  P. 


812  TOOL-MAKING  AND 

F  is  the  fixture  in  which  the  work  is  located  in  the  bole  G.    The 
work  is  located  and  prevented  from  turning  while  being  ma- 


chined by  a  portion  of  F  resting  in  a  turned  depression  in  the 
top  of  tbc  fixture  at  H.  A  hardened  taper-pin  S,  with  a  flat 
face  to  bear  against  the  work,  secures  it,  aa  shown,  L  is  t)ie 
shank  of  the  cutter-holder  which  is  fitted  to  the  drUl-press  spin- 


:^^ 


die,  Tlie  cutter  K  is  keyed  on  and  further  secured  by  the  nut 
and  washer.  The  stem  Jtf  of  the  cutter-holder  runs  iu  the  hard- 
ened bushing  N  while  the  work  is  being  machined, 

A  SIMPLE  LATHE-CHUCK. 
In  Fig.  363  are  two  views  of  a  simple  chuck  used  for  locating 
and  holding  a  cast-brass  ring,  while  the  inside  at  D  i>  was  being 
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bored  and  the  edge  E  E  rounded  by  the  tool  at  the  right. 
There  were  a  hundred  of  these  rings  to  be  done  and  the  portions 
designated  were  the  only  points  finished.  The  chuck  proper 
was  of  cast-iron  fitted  at  -4  to  the  lathe-spindle,  and  the  face  bored 
out  for  the  work,  as  shown.  The  three  set-screws  B  at  the  back 
were  for  locating  the  work  true  sidewise,  while  the  three  around 
the  outside  at  Cwere  for  centre -truing  and  holding  it.  To  fasten 
or  release  tlie  work  it  was  only  necessary  to  tighten  or  loosen  one 
of  the  screws  C. 

TEIMMING  SHEET-BRASS  BLANKS. 

The  arrangement  shown  in  Fig.  364  was  used  for  rounding 
the  edges  of  sheet-brass  blanks  ^g^-inch  thick  and  If  inches  in 
diameter.  There  were  2,000  of  these  blanks  and  they  were 
punched  in  a  plain  blanking-die.  Finishing  the  blanks  by  the 
means  available  in  a  jobbing-shop  was  impossible,  and  for  a 
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while  we  thought  that  we  were  "up  against  it";  but  one  of  the 
men.  who  had  done  considerable  mould  making  in  his  time,  told  of 
a  method  which  he  had  seen  used  with  great  success  for  finishing 
the  edges  of  "poker-chips."  This  method  was  adopted,  with  the 
result  that  the  job  was  accomplished  with  ease  and  at  a  very  low 
cost.  The  piece  A  is  fitted  to  a  hole  in  turret  of  a  amall  screw- 
machine,  with  a  piece  of  hard  spring  rubber  B  attached  to  the 
projecting  end  of  the  press  R.  A  duplicate  of  this  piece  R  is 
held  in  the  chuck  on  the  spindle  of  the  screw-machine.  The 
rounding-tool  is  fastened  in  the  front  tool-post,  while  the  turn- 
ing-buffer is  located  in  the  back  one.  To  machine  a  blank  it  is 
held  by  the  fingers  against  C,  while  the  piece  R  with  the  rubber 
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front  B  is  brought  against  it  by  moving  the  turret  up  and  forc- 
ing the  rubber  against  the  blank,  which  is  trued  and  sufficient 
pressure  applied  to  hold  it.  The  rounding  off  is  then  accom- 
plished by  the  tool,  and  the  blank,  is  released.  The  blanks  were 
all  finished  to  size  in  this  manner  without  any  trouble. 

A  DIE-MAKING  KINK. 

Fig.  365  shows  a  little  kink  which  to  the  best  of  my  knowl- 
edge is  original.  It  consists  of  simply  taking  the  upx)er  half  of 
a  brass  door-key  and  soldering  it  to  the  centi-e  of  a  templet  for  a 
handle.     When  the  templet  is  large,  as  is  the  one  shown,  the  sol- 


Dowruls 
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FIG.  366. 


dering  of  the  key  to  it  instead  of  a  piece  of  wire  is  a  great  con- 
venience. When  the  die  is  finished  the  key  can  be  removed  and 
laid  away  in  one's  drawer  until  required  again. 


A  SIMPLE  SLOTTING   FIXTURE. 

Fig.  366  shows  three  views  of  a  simple  slotting  fixture  which 
was  used  to  advantage  for  milling  the  slots  T  T  in  the  cast- 
ing shown.  There  were  about  200  of  these  ciustings,  and  they 
were  required  to  interchange.  Before  slotting  they  were  bored 
and  reamed  at  X  X  and  the  hubs  were  faced.  Tlie  slotting 
fixture  consists  of  a  machine-steel  plate  into  which  the  cen- 
tral locating-stud  is  riveted ;  and  two  dowel-pins  are  let  into  the 
back,  as  shown.  These  pins  coincide  with  two  holes  drilled  in 
the  stationary  jaw  of  the  miller-vise.  A  gauge-pin  in  the 
front  of  the  plate,  at  the  right,  serves  to  locate  the  work  as 
required. 
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KEY-SEATING  IN  THE  POWER-PEESS. 

Fig.  367  shows  the  method  used  for  cutting  a  keyway  in  the 
small  cast-iron  collar  at  2>.     These  collars  were  used  in  a  large 

number ;  for  that  reason  the  means  shown 
were  adopted  for  cutting  the  keyway. 
The  broach  is  fastened  in  a  holder,  while 
the  collar  A  is  located  beneath  the  stripper 
of  the  die-bolster.  The  stripper  and  lo- 
cating depression  are  cut  away  at  the 
front  for  facing  and  moving  the  work. 
The  guide  is  of  tool  steel,  hardened,  and 
fits  the  circular  portion  of  the  broach 
snugly.  The  finishing  of  the  key  ways 
in  the  power-press  by  the  means  shown 
FiQ.  367.  proved    very    satisfactory,    far   more  so 

than  by  the  old  way  of  forcing  the  broach  through  under  the 
arbor-press. 
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HAND   CUT-OFF   AND  FORMING-TOOL. 

The  tool  here  shown  in  Fig.  368  was  used  for  the  rapid  pro- 
duction of  small  work  as  sketched  in  TT,  Fig.  271,  forming  and 
cutting  off  at  the  same  time.  As  a  rule,  all  work  of  this  kind 
is  done  in  a  turret-lathe  or  screw -machine.  Pieces  of  the  first 
shape  shown  in  Fig.  373  were  produced  by  the  present  simple  de- 
vice at  the  rate  of  8,000  a  day. 

The  tool  was  composed  of  two  main  parts,  A  the  body.  Fig. 
269,  and  B  the  slide  or  tool-holder.  Fig.  270.  Having  been  planed 
on  the  various  sides  it  was  set  up  and  dovetailed  for  B  to  an  an- 
gle of  eight  degrees  with  the  bottom.  A  hole  was  then  bored  and 
reamed  at  E  for  the  bushing,  and  hole  2>  tapx)ed  for  the  set-screw. 
A  rib  was  cast  up  from  the  base  and  a  hole  drilled  and  tapped 
through  its  entire  length  at  C  for  the  adjustable  stop-screw  B. 
A  hole  was  also  cut  through  the  bottom  at  P  as  clearance  for  the 
lower  handle  T.  The  slide  or  tool-holder  B  of  cast-iron  was  then 
machined  and  fitted  to  the  dovetail  in  ^  so  as  to  run  freely ;  a 
recess  was  also  let  in  at  J  for  locating  the  tool  or  cutter.     A  flat 
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piece  of  mscliiue  steel,  D,  fastcoed  by  the  two  screws  as  bIiovd, 
served  as  strap  for  holding  the  tool.  A  busking  of  tool  steel  E 
was  then  finished  to  the  size  of  the  stock  to  be  used  and  fitted 
tightly  within  A.  This  was  cut  away  in  front  for  clearance  for 
the  tool  and  left  full  in  the  back  to  steady  the  side.  This  was 
then  haj^ened  and  slightly  drawn.  A  stop-screw  ^  was  then 
made  which  consisted  of  a  long  threaded  stem  to  fit  the  hole ;  the 
head  waa  lai^  enough  in  diameter  to  serve  as  an  adjustable  stop 
for  regulating  the  length  of  the  work.  The  f  onniEg  and  cutting- 
off  tool  C  was  made,  hardened  and  drawn,  and  fitted  and  held  on 
B  as  shown ;  its  cutting-face,  when  the  side  was  advanced,  coin- 
cidiug  with  the  centre  of  the  hole  in  the  bushing  E.    The  oper- 


ating lever  T  was  then  made,  the  Uig  J  fitting  within  the  hole  in 
the  slide  B.  the  fulcnim  of  the  lever  being  held  between  the  two 
lugs  projecting  down  from  the  bottom  of  A.  A  hole  was  then 
drilled  iu  it  for  the  adjusting -screw  or  stop  N  to  prevent  the  tool 
from  going  too  far.  Two  stiff  pull-springs  JVJV  were  fastened 
by  pins  in  A  and  B  respectively,  with  sufficient  tension  to  bring 
the  slide  back  when  the  pressure  on  tbe  lever  was  released.     The 
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pai-ts  vere  then  assembled  iii  the  way  showD.  The  rod  used 
catiie  in  20-foot  lengths,  one  end  of  which  entered  the  hollow 
spindle  of  the  speed-lathe  and  was  allowed  to  project  from  the 
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chnck  almost  fonr  feet.  This  end  was  entered  within  the  bnsh- 
ing  B ;  the  hitho  was  run  at  its  highest  speed  aud  the  tool  held 
in  both  hands.  Pi'essing  on  the  handle,  the  slide  B  moved  far 
enough  to  enable  the  tool  Cto  form  and  finish  the  first  end.     The 
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stop  H  Wits  then  set  and  the  tool  moved  along  nntil  the  finished 
end  rested  iigainst  it,  wlieii  the  otlier  end  wsis  finished  and  cut 
oflF  and  also  the  end  of  the  next  piece  formed,  and  so  on.     W© 
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cut  rods  from  smallest  sizes  up  to  J-iuch  in  diameter  iu  this  way 
and  beat  the  other  ways  by  a  large  margin,  the  only  changes  nec- 
essary being  to  replace  bushing  ^and  the  cutting-tool  C  with  the 
others. 


xdlLLING-JIG   FOR  THE  SPEED-LATHE. 

The  jig  here  shown  in  Fig.  372  was  used  for  milling  the  side 
at  Tof  the  piece  shown  in  Fig.  373,  which  was  made  in  the  screw- 
machine.     After  the  casting  A  for  the  base  was  planed  on  both 
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sides,  the  two  holes  Q  Qwere  drilled  for  fastening  it  to  the  lathe. 
The  swivel  stud  C  of  mtichiue  steel  was  then  made;  the  case  B, 
of  cast-iron,  was  turned  and  bored  to  allow  C  to  move  freely 
within  it.  A  i-incli  slot  f -inch  deep  was  milled  through  the 
centi'c  of  the  top  of  Cand  then  fastened  to  the  base  B  by  four 
screws.  A  casting  JE  was  planed  and  the  vertical  slot  for  the 
lever  F  to  move  in  was  worked  out  to  fit  the  lever  nicely  side- 
wise.  An  o]>ening  was  cut  away  at  the  farther  side,  as  indicated 
by  dotted  lines  at  Hy  for  an  outlet  sidewise  for  the  lever.  The 
hole  for  the  adjusting-screw  t/was  then  drilled  and  tapped  in 
the  top  and  the  casting  fastened  to  the  front  of  A  by  screws, 
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leaving  the  slot  for  the  lever  iu  line  with  the  centre  of  the  stud 
C.  The  lever  F  was  then  placed  in  the  slot  in  C,  and  a  hole  was 
drilled  through  them  both  for  the  pin  G  which  was  tight  in  C 
and  free  in  F,  The  large  parts  of  the  jig  being  complete,  the 
piece  for  locating  and  holding  the  work  was  made. 

The  work  Fig.  373  was  made  in  the  turret-lathe.  The  groove 
R  around  the  outside  of  the  piece  was  as  near  a  perfect  half -cir- 
cle as  it  was  possible  to  get  it,  and  about  /j^-inch  radius.  At 
first  a  i>iece  of  machine  steel  was  worked  down  to  the  shape 
shown  by  the  outside  of  K,  This  was  then  fastened  to  the  out- 
side of  the  lever  Fhy  screws  and  dowel-pins.  A  hole  was  then 
drilled  in  the  centre  of  this  at  M  just  the  size  of  the  work  around 
the  body,  this  hole  cutting  partly  into  F  as  shown,  and  the  shape 
of  the  small  portion  of  the  head  worked  out,  allowing  the  work  to 
rest  nicely  within  it.  The  distance  from  the  centre  of  the  work 
to  the  centre  of  the  groove  R  was  then  found,  and  the  centres 
located  on  the  side  of  the  lever  F  and  two  holes  drilled  through 
the  lever  and  the  piece  K,  cutting  half-way  into  the  hole  M. 
Two  pieces  of  Stub  steel,  NN,  ^'^^-inch  in  dialneter  and  the  proper 
length,  rounded  off  at  the  ends,  were  fastened  into  a  flat  steel 
piece  0  so  that  they  would  just  enter  the  two  holes  at  N  N, 
A  roundhead  thumb-screw  W  was  let  in  at  P,  enabling  this  piece 
to  be  inserted  and  withdrawn  readily. 

The  jig  being  complete,  it  was  fastened  to  the  lathe  crosswise 
and  a  cutter  placed  on  a  mandrel  between  the  centres.  The  jig 
was  then  pljR*ed  so  that  the  work  would  come  central  one  way, 
and  off  to  the  side  the  proper  distance  the  other  way.  The  lever 
F  was  dropped  down  and  moved  sidewise  out  through  the  open- 
ing //.  This  left  the  part  for  the  work  to  go  in  clear  of  the  cut- 
ter. The  work  was  then  inserted  and  the  lock-i)ins  iV  iV  were 
thrust  in,  thereby  binding  the  work  securely.  The  lever  was 
then  re-entered  into-  the  slot  //  and  raised  to  a  height  sufficient 
to  mill  the  work  to  the  proper  depth,  when  the  top  of  the  lever 
encountered  the  top  screw  J,  We  did  quite  a  variety  of  different 
milling  and  cutting  of  this  kind  with  this  jig. 
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JIGS  AND   FIXTURES  FOR  ADJUSTABLE  STOPS  AND 
SPINDLE-RACKS. 

Fige.  374  And  375  show  iu  two  views  an  adjustable  stop  com- 
plete, as  used  on  drill-press  spindles.  As  shown,  it  consists  of  a 
casting  with  the  centre  hole  A  bored  and  reamed  to  fit  the  spin- 


dle of  tlie  press  at  the  upper  end.  It  is  also  drilled  at  each  end 
for  a  screw  and  slotted  at  D.  The  screw  C  is  for  tightening 
it  on  the  spindle.  The  adjustable  stop-screw  F  consists  of  a 
knurled  screw  F  and  a  jani-uut,  as  shown.  For  the  machining 
and  finishing  of  the  casting  three  operations  were  necessary. 

For  the  first,  that  of  boring  the  centre  hole  A  and  facing  one 
aide  at  B,  the  speciid  chuck  shown  in  the  two  views  in  Fig.  376 


was  used.  It  consists  of  a  ovsting  G  of  the  shape  .shown,  which 
was  fii"st  chucked  iiiid  a  hole  bored  through  it  at  L.  This  hole 
was  then  cnlarficd  and  threaded  at  //,  as  shown,  to  tit  Ihc  spindle 
of  the  turri'i-lathc.  It  wjis  then  removed  and  the  face  milled 
and  cut  away  as  shown— (hat  is,  on  the  sides  A'  A' and  ./—and  a 
straight  cat  to  the  depth  shown  through  the  face  at  1 1  made. 
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A  hole  vaa  then  drilled  and  tapped  for  the  clampiDg-screw  P, 
Thich  was  reduced  at  oae  eod  and  fastened  within  the  clamping- 
jaw  M,  as  shown,  the  plate  0  keeping  it  iu  position.  The  chock 
was  then  screwed  on  to  the  spindle  of  the  torret -lathe,  a  piece  of 
steel  placed  between  the  jaws  JU  and  y  at  each  side,  and  the 
screw  P  tightened  so  as  to  clamp  them  Becnrely.  The  two  jaws 
were  then  bored  to  the  diameter  and  depth  shown,  the  radios 
being  the  same  as  that  of  the  largest  oircnlar  diameter  of  the 
casting  Fig.  375,  and  in  depth  so  that  it  would  project  ontside 
of  the  chack  enough  to  allow  of  it  l>eing  faced.  All  this  being 
done,  the  chuck  was  finished  and  ready  for  work. 

When  using  the  chuck  the  casting  Fig.  375  was  clamped  be- 
tween the  jaws  M  and  JV,  and  the  hole  A  was  bored  and  reamed, 
by  means  of  the  turret-tools,  and  faced  by  a  tool  in  the  tool-post 
of  the  slide-rest.  As  will  be  seen,  the  chuck  is  suggestive  for  a 
number  of  different  jobs  on  odd-shaped  castings,  as  it  is  ea^  and 
inexpensive  to  construct,  and  also  rapid  in  I  audlhig  and  produc- 
tion. It  is  a  type  of  chuck  used  quite  extensively  in  the  brass- 
shops,  where  odd-shaped  castings,  for  various  purposes,  such  as 
nnious,  etc.,  are  made  in  large  quantities.  When  a  number  of 
differeut-sbaped  pieces — in  number  sufficient  to  allow  of  the  nee- 
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easary  expense — are  required  to  be  bored  and  reamed  to  a  given 
size,  the  means  shown  are  the  tjest  for  producing  them.  The 
chnck  shown  can  be  so  constructed,  by  changing  it  to  suit,  as  to 
allow  of  pairsof  different-shaped  jaws  being  inserted  in  place  of 
the  ones  in  use.  The  way  to  do  this  is  to  finish  the  face  of  the 
21 


322  TOOL-MAKIXG   AND 

tiliuok  vitb  a  stiff  projectiuu  ut  each  side,  iiud  dovetail  (he  jaws 
into  them,  oue  of  the  jaws,  of  course,  being  adjustable. 

For  the  uext  operation  on  the  casting,  that  of  drilling  the 
holes  at  C  and  irrespectively,  the  drill-jig  shown  in  Fig.  377  ia 
used.     It  require-s  no  description  to  be  understood. 

For  the  last  operation,  that  of  slotting  the  casting  at  D,  a  sim- 
ple little  fixture  for  use  in  the  milling -machine  is  shown,  and  as 
the  two  views  of  it  with  the  work  in  position,  shown  in  Figs.  378 
and  379,  are  very  clear,  very  little  description  is  necessary.  An 
angular-shaped  casting  A  is  first  planed  and  finished  as  shown, 


the  part  B  as  the  base  to  rest  squarely  within  the  milling-ma- 
chine vise.  A  machine-steel  stud  C  is  then  tuiiied  to  fit  the  cen- 
tre hole  A  in  the  casting.  Fig.  375,  and  I'cdnced  at  one  end  so  as 
to  shoulder  against  the  baek  of  the  fixtuie  B,  and  liveted  tightly 
within  it  at  D,  as  shown.  The  pin  is  for  locating  the  casting 
squarely  on  the  fixture.  A  slot  is  cut  through  the  top  in  line 
with  the  centre  of  the  stud  C  and  running  partly  through  it,  as 
shown.  This  in  oixler  to  get  tlie  slot  in  the  centre  of  the  east- 
ing, that  is,  central  with  the  hole  A,  Fig.  375,  In  operation 
tlie  casting  is  placed  on  the  fixtui-c  as  shown,  and  forced  against 
the  pin  £.  Both  fistui'c  and  casting  are  then  clamped  in  the 
miller-vise,  and  the  cutter  G  eutei-ed  into  the  slot.  When  the 
casting  is  milled.  It  is  removed  and  another  substituted,  and  the 
oi)eration  repeated.  This  little  fixture  is  all  right,  as  it  allows 
of  the  slotting  operation  being  accomplished  uniform  in  all  of  the 
castings,  giving  them  a  neat  and  mechanical  appearance  when 
finished,  and  is  far  superior  to  the  usual  way  of  doing  simple 
jobs  of  the  kind  shown,  namely,  setting  the  casting  central  to  the 
eye,  and  then  going  ahead,  with  the  ultimate  result  that  there 
are  not  two  alike. 
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MILLING  SriKDLE-EACKS. 

lu  Fig,  3S0  is  Kliowii,  in  three  views,  a  flxtiu-e  whicli  ia  ased 
for  milling  drill-pi'vsa  spindle-nickis.  And,  as  itlsiis  practical 
a  device  as  could  be  designed  for  nse  in  the  regular  milling- 
machine,  it  is  worthy  of  interest,  lumdliiig,  as  it  does,  sixteen  i-at'li 
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blanks  at  a  time.  In  design  it  is  both  simple  aud  compact  and 
is  80  constructed  that  a  boy  can  operate  it  successfnily  while 
running  auother  machine ;  as  when  the  cutter  is  set.  the  time  nec- 
essary to  allow  of  the  cutters  running  through  the  entire  sixlt^u 
blanks  can  be  utilized  in  looking  after  a  diffei-eut  oijeration  in 
another  machine. 

Ill  constructing  the  fistnre  a  flat  toasting  of  the  shape  sliowu 
at'  /f  was  fli-st  secured — ^in  apiiearance.  rcwmbling  a  die-bolster — 
was  planed  smooth  on  the  top  and  bottom,  and  the  tongue  J 
fitted  to  the  slot  in  the  milling-machine  table.  While  planing 
the  tongue  a  rut  was  taken  oif  each  side,  so  as  to  have  (hem  , 
square.     The  castiug  was  then  transferred  to  t  lie  mil  ling  tnacliine. 
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when  the  four  rows  of  holes,  sixteen  in  number,  for  the  dowel- 
and  locating-pins  1  and  J  J  were  drilled.  These  holes  were  for 
locating  the  rack  blanks,  which  had  been  previously  milled  to 
size,  and  the  four  holes  in  each  drilled  in  a  jig  so  that  they  were 
exact  duplicates  of  each  other.  In  drilling  the  holes  in  the  cast- 
ing II  it  was  strapped  on  an  angle-plate,  facing  the  spindle, 
wliich  was  in  turn  clampeil  to  the  extension  plate  on  the  milling- 
machine  table,  taking  care  to  get  the  casting  ^fastened^Bo  that 
the  tongue  «/ was  parallel  with  the  table.  The  first  row  of  holes 
was  then  drilled  by  first  using  a  small  centre-drill  and  spacing 
the  holes  by  means  of  the  dial  on  the  feed-screw  of  the  table,  and 
then  drilling  them  all  in  the  same  manner,  i*epeating  the  opera- 
tion until  the  four  rows  of  holes  for  dowel-  or  locating-pins  /  / 
and  J  J  wei*e  drilled. 

In  the  spacing  of  the  holes,  so  iis  to  get  them  in  the  relation 
to  each  other,  as  shown,  great  care  was  taken  so  as  to  have  them 
coincide  perfectly  with  those  drilled  in  the  racks,  as  these  pins 
locate  the  blanks  square  on  the  fixture  when  in  use.  Sixty-four 
small  i)ins  were  then  cnt  off  to  the  length  shown,  and  rounded  at 
one  end ;  they  were  maile  of  Stub  wire  and  driven  tightly-  into 
the  holes  drilled  in  the  fixture,  and  an  easy  fit  in  the  holes  of  the 
rack  blanks. 

The  small  clamps  shown  at  K  K,  of  which  there  were  thirty- 
two,  were  then  made  to  the  shape  shown,  by  taking  four  bars, 
long  enough  to  get  eight  out  of  each,  and  milling  them  to  the 
shaiMi  required,  after  which  they  were  cut  into  sections,  which 
were  the  clamps  shown.  The  clamps  were  then  drilled  for  the 
screws  L  as  shown,  and  sixteen  fastened  at  each  side  of  the  fixt- 
ure in  the  position  required,  so  as  to  grip  tightly  the  ends  of  the 
blanks  and  keep  them  flat  and  square  on  the  fixture.  The  heads 
of  all  screws  were  cjise- hardened. 

The  various  parts  of  the  fixture  were  then  assembled,  and  the 
fixture  complete  strapi)ed  on  the  milling-machine  table  by  means 
of  bolts  through  the  ends  at  i  i,  and  with  the  tongue  S  in  the 
centre  slot.  The  sixteen  rack  blanks  were  then  located  and  fast- 
ened on  the  fixture  by  fixing  them  on  the  pins //and  J" J" and 
the  clami)S  tightened  a8  shown  on  the  blanks  J/  in  the  plan  view 
of  the  fixture  in  Fig.  380.     This  figure  shows  the  blanks  partly 
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finished,  the  lost  one  being  off  to  «how  the  piusfor locating  them. 
Two  cuttere  of  tlie  pitch  required  were  used,  and  the  table  of  the 
miller  raised  so  that  tlie  full  cut  would  be  taken.  The  feed  was 
then  put  on,  and  the  cut  taken  through  the  entire  fiixteen  blanks, 
when  the  table  was  run  biick  to  the  starting-point,  moved  over 
the  required  number  of  thousands,  and  the  cut  repeated,  and  so 
on,  until  the  entire  sixteen  blanks  were  finished.  They  were 
then  remove<l  and  another  lot  located  and  fastened  in  the  same 
manner,  and  the  operation  of  milling  relocated. 

This  fixture  overcomes  the  diflicultiGs  which  ore  usually  met 
with  when  milling  one  rack  at  a  time,  by  holding  it  iu  the  mill- 
ing-vise. As  when  it  i.s  done  in  that  manner  it  is  necessary  to 
mill  all  sides  of  the  blank  i>erfectly  square  with  each  other,  in 
order  to  get  them  to  lay  flat  while  lieing  cut,  while  by  the  use  of 
this  fixture,  as  shown,  it  is  not  necessary  to  be  so  particular,  as 
the  blanks  ai-e  held  by  means  of  the  elamp  at  either  end.  and 
located  stjiiarely  and  in  line  with  each  other  by  the  pins  shown. 
Another  thing,  the  setting  is  easy  to  accomplisli,  as  it  entails  no 
adjustment  of  the  parts. 


JIG   FOR   DRILLING   SMALL  THREAD   DIES. 
Some  yeiii-s  ago  I  had  a  job  of  nniking  one  liundreil  sniall 
thread  dies  for  screw -machine  work.     To  have  drilled  them  in 
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the  regular  waj-  would  have  taken  a  great  defll  of  time  and  niatle 
them  very  exi>en8ive,  so  I  made  the  jig  shown  in  Fig.  .^82  for 
the  purpose. 

First,  I  turned  and  finished  a  bar  of  steel  to  exactly  the  right 
size  for  the  dies  and  then  cut  off  the  blanks,  being  particular  to 
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get  tbem  all  the  same  thiekuess  and  also  to  chamfer  the  corners. 
Fig.  381  sliows  the  dio  blanks,  which  are  ^-inch  diameter.  Fig. 
382  sliows  two  views  of  the  jig,  tlie  top  and  a  cross  section.  The 
jig  was  made  in  the  sliai)e  of  a  ronnd  box.  i^  is  a  piece  of  round 
machine  steel  turned  and  -finished  as  shown  with  a  thread  of  10- 
pilch  cut  at  F  wliich  vras  cut  loose  in  order  to  work  the  jig  rap- 
idly. At  the  same  time  the  seat  for  the  blanks  was  turned  out 
at  C  so  that  they  would  just  fit  in  without  play.  A  hole  was 
then  bored  through  at  />  to  give  clearance  when  the  drill  came 
through  and  also  to  let  the  chips  out.  The  jig  projjer  A  was  a 
piece  of  round  tool  steel  chucked  and  finished  all  over  in  the  way 
shown.  The  centre  hole  was  drilled  at  the  same  time,  and  a  cir- 
cle was  struck  to  drill  the  other  four  holes  by.  The  outside  was 
heavily  knurled  to  give  the  operator  a  good  grip.  All  holes  were 
reamed  and  slightly  countersunk  to  allow  the  drills  to  enter 
freely,  when  the  work  was  c^irefully  hardened  and  drawn,  being 
then  readv  for  work.  The  blanks  were  laid  in  at  C.  the  cover  A 
wius  screwed  down,  and  the  holes  all  drilled,  and  another  die  in- 
serted, and  so  on  with  them  all.  It  was  surprising  how  quickly 
the  dies  were  made  by  the  use  of  this  jig. 


CHAPTER  XXIL 

Special   Tools,    Fixtures,    Devices,    Arrangements, 
Contrivances,  and  Novel  Methods  for  Metal 

Working. — Continued. 

A. MACHINE  FOE   TWISTING   COEKSCEEWS. 

The  machine  here  shown  was  made  for  twisting  wire  cork- 
screws of  the  type  shown  in  Fig.  383.  The  wire  before  the  twist- 
ing is  shown  below  the  corkscrew.  It  is  "looi)ed"  at  one  end 
and  bent,  while  the  other  end  is  pointed.  The  cutting  off  of  the 
length  of  wire  and  the  pointing  of  one  end  are  accomplished  in 


Fio.  383. 

one  operation  by  means  of  two  simple  tools  in  the  monitor ;  the 

tool  used  for  pointing  being  a  "  needle "  box-tool,  and  the  one 

for  cutting  off  a  ^^chopping-tool."    The  second  ojjeration  on  the 

wire  lengths,  that  of  bending  and  forming  the  "loop,"  is  done 

by  hand,  with  a  simple  bending  fixture  not  of  sufficient  interest 

to  show  here. 

The  drawings.  Figs.  384,  385,  and  386,  of  the  twisting-machine 

show  its  construction  and  little  description  will  be  necessary. 

The  machine  consists  of,  first,  a  body  or  main  casting  on  which 

are  four  standards  for  bearings  for  two  shafts.     The  pulley, 

327 
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clatch,  aud  small  driviDg-gear  require  no  explauatton.  The  vire 
is  clamped  between  two  jaws  H  H,  Fig.  384,  the  upper  oDe  of 
which  iu  raised  or  lowered  by  the  handle  and  two  gears  ^^  turn- 
ing right  and  left  screws.  The  mandrel  or  forming-spindle  X  is 
of  tool  steel  finished  to  fit  easily  withja  the  deeve  K,  which  in 
tarn  is  fitted  and  keyed  to  turn  with  the  slide,  back  and  forth 
vithin  the  main  spindle  F  by  a  key  at  D.  A  handle  at  Z  fast- 
ened to  the  forming-mandrel  by  the  set-screw  W  keeps  the  man- 
drel stationary,  by  a  round-headed  piu  entering  the  back  at  F, 
while  the  sleeve  with  the  main  spindle  rotates  and  twists  the 


wire.  This  pin  is  located  iu  the  bracket  T,  with  a  spring  at  the 
back  at  Saud  a  handle  at  R  to  allow  of  its  bciiig  forced  back 
when  the  mandrel-lever  is  to  be  turned. 

When  the  machine  is  iu  use  the  work  is  located  and  clamped 
between  the  two  jaws  H 11,  with  the  pointed  end  lying  iu  the  slots 
L  and  M  of  the  sleeve  K  aud  the  spindle  V  respectively,  and  the 
handle  of  the  forming- maudrel  located  aud  held  by  the  pin  T, 
Fig.  381.  The  clutch-leier  is  theu  pulled  back  and  the  spindle 
fand  the  sleeve  K  rotate  while  the  forming -mandrel  remains 
stationary,  thus  twistiug  the  wire  around  the  mandrel  to  the 
shape  shown  iu  the  half-tone.  The  clutch-lever  is  then  pulled 
oat  and  the  macliine  is  stopped  when  Z  is  released  and  tamed 
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toward  the  left,  tliua  drawing  out  the  sleeve  and  mandrel,  leav- 
ing tlie  finished  corkscrew  so  that  it  can  be  removed  by  looseu- 


ing  or  raising  the  upper  jaw  H.  The  mandrel  and  sleeve  are 
then  slid  back  in  position,  another  piece  of  wire  is  located,  and 
the  operations  are  repeated. 

A  SPECIAL  TOOL  FOB  CUTTING   LARGE   FIBRE- 
WASHERS. 

In  a  shop  in  Brooklyn,  where  they  make  large  embossing 
presses,  the  rollers  of  which  are  made  up  of  flbre-washers  forced 
on  to  machine-steel  shafts,  I  saw  a  tool  for  cutting  the  washers 
from  the  sheets.  This  is  shown  in  Fig.  387,  and  the  manner  of 
using  in  Fig.  388.  In  the  shop  referred  to,  two  sizes  of  washers 
are  used ;  one  size  15  inches  iu  diameter  with  4-inch  hole,  and 
the  other  IS  inches  iu  diameter  with  5-Jueh  hole.  The  thickness 
of  the  fibre  board  is  i-inch. 

As  shown  in  Fig.  387,  the  tool  consists  of  a  1-inch  drill  with 
a  cutter-head  beam  B  let  through  a  slot  as  shown,  and  fastened 
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by  two  screws.  Caud  D  ai*  the  cutter-heads,  which  ar^fisiahed 
to  a  good  sliding  lit  on  the  beam,  aud  /  and  H  the  eatters,  which 
are  hardened  and  tempered  and  let  into  split  seatfi  in  the  cutter- 


beads  and  fastened  by  the  screwH  G.  The  cutting-tools  are  a 
trifle  less  than  ^-iuch  iu  thicknei^s  and  are  given  sufficient  back 
and  side  clearance  to  allow  them  to  cut  freely. 

Fig.  388  shows  how  the  tool  is  used.     A  piece  of  l^-inch 
planking  is  fastened  to  the  drill-press  table,  and  the  table  is 


clamped  in  a  centnil  position.  A  small  pin  forced  into  the 
planking  at  the  right  serves  as  a  gauge  for  locating  the  fibre  be- 
neath the  drill  and  also  to  space  the  washers  evenly.     The  drill- 
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Bhank  is  fastenvd  in  tlie  chuck  in  tbe  drill -spiudle  and  the  tool  in 
rotated  iit  about  forty  tunis  jier  minute.  Tbe  drill  cats  first,  iiud 
as  soon  as  it  has  passed  through  the  fibre  and  entered  the  wood 
the  inside  and  ontsidt  culteiN  Ixgiii  to  ( nt  A  slight  pressure  in 
all  tliat  is  neces-ian  to  niiki   tlK   tools  cut   the  shavings  curling 


np  ulcely,  and  as  soon  as  they  have  jMissed  through  the  fibre  a 
quick  raise  on  the  fee«l-le\er  catises  them  to  pull  free  and  clear 
of  the  work.  As  will  lie  seen,  the  tool  cnts  tbe  inside  and  the 
outside  of  the  washer  simiiltaneoiisly,  and  as  the  insides  are 
used  as  washers  for  smaller -sized  rolls  two  washers  really  are 
produced  at  once. 


AN  UNUSUAL  AND  SPECIAL  JOB  OP  TOOL-MAKING. 
Figs.  389  and  3iM)  show  a  rather  unusual  job  of  tool -making, 
and  Figs.  3!>1  and  '.if>'2  the  manner  and  means  used  in  its  accom- 
plishment. The  job  in  question  was  the  making  of  a  tap  and  die 
for  eleaniug  out  and  "sizing"  a  pateut  pipe  union,  the  parts  of 
which  were  of  brsiss  and  were  cast.  The  thread  required  in  the 
union  wtis  a  I^-iuch  diameter,  i^^-iuch  square  thi'ea^l;  and  instead 
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of  one  continuous  thi'ejid,  five  were  requiied.  Thus  the  pitch  of 
eachthi-ead  was  IJ-ineh.  This  will  Iieundei-stood  from  Pig.  389, 
in  which  the  tap  is  shown  as  finished.     A  is  the  first  thread,  B 
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the  second,  C  the  third,  D  the  fourth,  and  E  the  fifth.  £  />  are 
the  spiral  flutes,  of  which  there  were  five. 

The  tap  was  made  first.  The  meaos  nsed  are  ^owu  io  Fig. 
391  and  consist  of  a  small  face-plate  fitting  the  lathe-spiDdle,  a  dog 
and  a  driver.  The  face-plate  had  five  boles  drilled  and  reamed 
at  equal  distances  apart  on  a  radius  trne  with  the  live  centre 
of  the  lathe.  This  was  done  on  the  dividing-head  of  the  univer- 
sal milling-machine,  first  iudexiug  for  five,  and  centring  with  a 
stiff  centre-drill,  then  drilling  and  reaming  to  size.-  A  driver  of 
tool  steel  was  then  turned  up  as  shown,  with  a  stem  Q  threaded 
for  the  nut  U,  and  turned  to  fit  snugly  the  reamed  hole  in  the 
iiue-plate  and  to  shoulder  at  H. 

The  dog  T  was  alBO  of  tool  steel,  and  was  finished,  as  shown, 
with  a  broached  hole  to  fit  the  square  on  the  shank  of  the  tap- 


blank  snngly,  so  that  there  would  be  no  lost  motion,  A  set- 
screw  was  also  let  in,  as  shown,  to  insure  the  x>08itive  locating 
aud  drive. 

The  manner  in  which  the  tap-blank  was  held  and  driven  on  the 
lathe-cent  res  when  cutting  the  thi'eads  is  shown  clearly  in  Fig.  391. 
The  first  thread  was  cat  by  locating  the  driver  in  the  first  hole  in 
the  face-plate.  Then  the  second  thread  B  was  cut  and  finished 
by  transferring  the  driver  to  the  next  hole.  Thus  in  succession 
the  entire  fi^e  threads  were  cut  and  the  tap  finished  accurately. 
The  dog  was  not  moved  from  its  position  on  Ihcend  of  the  blank 
until  the  lap  was  cut.  As  will  be  seen,  the  side  of  the  dog  T 
which  bears  against  the  driver  is  hollowed  out  to  the  radius  of 
the  drive  stem,  thus  giving  a  wide  bearing  surface  aud  insuring 
a  positive  drive.     A  piece'  of  belt  lacing,  tied  around  the  dc^- 
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Btem  aud  di-iver,  prevented  backlash  wben  the  tap-blank  was  re- 
volving free.  lu  doing  the  cutting  a  tool  accurately  ground  to 
size  and  clearance  was  necessary.  After  being  cut  the  tap  was 
"backed  off"  slightly  and  then  fluted  on  the  millitig-machine, 
finishing  the  flutes,  five  in  number,  on  a  spii-al,  so  that  the  cut- 
tiug-facea  of  the  thread  sections  would  be  at  right  angles  with 
the  pitch,  as  shown. 

After  being  hardened,  the  cutting-head  was  ground,  grinding 
the  tap-taper  for  half  its  length.  Not  much  lead  was  necessary 
as  the  tap  was  to  be  used  for  cleaning  and  sizing  only. 

The  manner  inmhich  the  die  was  finished  can  bo  understood 
from  Fig.  392.     Thedieblankwasl^  inches  thick  by  3iii)cbesin 


diameter.  After  the  ontside  had  been  turned  to  the  required  size 
the  die-blank  was  left  on  the  mandrel  on  which  it  had  been 
tarne<l,  and  wiis  set  up  in  the  centres  of  the  universal  miller. 
A  cutter  was  then  used  to  mill  five  c<inidistant  semicircular 
grooves  around  the  outside,  a.s  shown  at  0.  Next,  another  small 
face-plate,  fitting  the  spindle  of  the  lathe  in  which  the  tap  had 
been  cut,  wiis  bored  aud  finished  with  a  seat  at  L  L  for  locating 
the  die-blank  true,  aud  with  clearance  at  li  li  for  the  thread- 
tool.  A  hole  was  then  drilled  in  the  face-plate  so  as  to  be  dead 
true  with  the  half-round  grooves  in  the  die-hlaiik,  and  a  Stub 
steel  pin  driven  into  it,  as  shown  at  P.  The  diameter  of  this 
pin  was  exactly  the  same  as  the  grooves  iu  the  die-blank.     Thus 
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the  central  locating  of  the  die-blank  on  the  face-i^late  was  insured 
by  the  locating-seat  L  L,  and  the  spacing  of  the  tlireads  by  the 
half-ground  grooves  0  and  the  indexing-pin  P.  The  clamping 
arrangements  require  no  description,  Jis  the  drawings  show  them 
plainly. 

To  cut  the  threads  the  die-blank  was  located  on  the  face-plate, 
as  shown,  with  the  pin  F  in  the  fii^st  gi'oove  O.  Thus  the  first 
thread  Avas  cut.  Then  the  clamps  were  i*emoved  and  the  die- 
blank  relocated  at  the  second  groove,  and  the  clamps  retightened 
and  the  s(Hiond  thread  cut.  These  oi)erations  were  rei)eated  un- 
til the  entire  five  threads  had  Ijeen  finished  to  within  a  shade  of 
the  diameter  of  the  tap.  The  die  was  then  removed  and  sized 
with  the  tap. 

By  reverting  to  Fig.  390  the  reader  will  see  how  the  die  was 
finished.  I£  If  H II  iivc  holes  drilled  at  an  angle  with  the  die- 
face,  so  as  to  have  the  cutting-faces  of  the  threads  at  approximately 
right  angles  with  the  pitch.  The  die  was  left  solid  and  hardened, 
and  the  shrinkage  i-esulting  in  it  allowed  of  the  parts  cleaned 
and  sized  by  the  die  being  an  easy  fit  within  the  parts  finished  by 
the  tap. 

SPECIAL   EXGRAYTX(;-MA(;iriXE. 

The  machine  iepresent(Hl  lK*rewith  in  Figs.  393  to  396  was  de- 
signed by  the  writei-  for  the  special  i)urpose  (»f  cngraA  ing  moulded 
composition  checks,  which  are  usimI  for  a  number  of  purposes  in- 
stead of  money,  in  sets  of  exact  dn])lication ;  this  being  impossi- 
ble by  the  hand  method,  which  was  the  means  used  before  this 
machine  was  designed. 

As  thesi>  check  sets  are  produced  in  large  (jnantities  and  as 
there  is  always  a  steady  demand  for  the  best  (puility,  the  ust^  of 
the  machine  here  shown  ])roved  a  great  factor  in  reducing  the 
cost  of  their  prodnction.  Its  us(^  also  allowed  of  the  attainment 
of  resnlts  in  duplication  which  were  fonnerly  imjiossible. 

The  design  and  construction  of  this  machine  is  such  as  to 
allow  of  its  adopticni  for  a  multitude  of  other  uses  besides  the 
special  one  for  which  it  was  usimI.  A  few  of  the  us(^s  to  which 
it  may  be  adapted  by  mechanical  rc^aders  are:  the  backing  off  of 
small  gear,  ratchet,  and  other  cutters  for  clock  and  watch  work. 


lyTEIK-HANGEABLE  MAyVFAVTVRIXG. 


336 


the  turning  of  odd-slmped  pimclips,  when-ver  tht-y  iti-e  used  in 
large  nuinbcTs,  tumiut;  cUiplioftl  punclies  mid  dies,  eitlier 
Btiuiglit  or  taper,  and  llie  finishing  of  small  eircuUir  rauisaud 
eccentrics.  A  number  of  other  rises  will  snggi'St  themselves  to 
the  practical  man.  The  writer  has  already  adupled  the  princi- 
ple of  this  machine,  with  flight  modificntious,  in  a  iiew  machine 
to  Ik.'  used  exclusively  for  backing  off  ciittt-rs  for  walch  and  cluck 
pinions. 

Asthe  thnx-  views  of  the  machine  show  clearly  ils  design  and 
construction  as  well  as  its  use,  we  will  confine  ourselves  lo  merely 
pointiuff  i.tul  tlsniiiiii  fi'atuii-s.     The  construction  of  the  head 


requires  no  description  whiil(,iver,  as  it  is  sliowu  clciirij  iji  Pig. 
396.  Ueferencti  l)eiug  made  to  the  three  views:  the  ma^-hiue 
cousiats  of  tlie  base  A,  on  which  the  beai'ings  B  IS  for  the  head- 
spiudle  and" those  at  C  C  for  thd  cam-spindle  arc  east  in  two  legs 
to  which  the  b)L«!eiH  fastened  and  the  head  and  slide-rest.  In  the 
front-end  view.  Fig.  .'W4,  the  check  is  held  in  the  spnug-chuck  6 
and  the  tool  U  set  to  as  shown.  The  gear  K  on  the  cam-spindle 
is  the  same  size  as  the  one  at  Q  on  the  head-spindle  and  is  driven 
by  the  iutermediato  gear  J.  The  cam  ^  is  of  tool  steel  and  is 
hardened  and  lapped  to  a  smooth  finish.  The  engaging-stud  T 
is  also  of  tool  steel  and  is  driven  into  the  tool-slide  Q  iis  showu, 


M 
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and  the  pointed  end  rests  againat  the  cam  B.  The  sprii^  B  B 
at  the  front  is  of  sufficient  strength  to  keep  the  eng^^ing-atnd  T 
tightly  against  the  cam  face. 

When  the  machine  is  iu  use,  a  check  is  held  in  the  spriog- 
chock  G  and  the  tool  U  set  as  shown.     The  machine  is  then 


started  and  the  tool  fed  np  to  the  work  by  turning  the  cross-^de 
handle  Z.  The  csini  R  rp^nlvctJ  at  the  same  speed  as  the  work 
and  the  slide  W  is  moved  in  aud  out  accordingly,  the  too!  pro- 


^'U3l!^ 


'^^UPJ"' 


ducing  the  results  shown.     As  everything  else  can  be  seen  and 

uuderstood  from  the  drawings  no  further  description  is  required. 

Ill  Figs.  397—103  are  shown  seven  samples  of  checks  which 

were  engraved  in  this  machine.     For  the  one  shown  at  ^  a  tool 
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with  four  poiuts  was  required ;  for  the  one  shown  at  £  a  tool 
with  three  points;  while  for  CDS  and  G  tools  with  two  points 


were  osed,  and  for  F  one  with  one  point.    For  each  different 
design  a  8i>ecial  cam  was  made.     With  the  machine  a  boy 


tamed  out  four  checks  a  minute,  while  an  engraver  working  by 
hand  could  only  turn  oat  one  every  minute. 

SPECIAL  CAM-MILLING  MACHINE. 

Fig.  401  shows  a  plan  of  a  special  cam-milling  machine  built 
for  milling  certaiu  cams  used  on  a  printing-press.  E  is  the  cam 
as  milled.  It  is  in  the  form  of  a  stepped  cone  and  is  fastened  to 
the  spindle  B  by  the  nut  F.  O  G  are  the  standards  in  which  the 
spindle  B  is  rotated  and  reciprocated  endwise  by  means  of  the 
gear  C  and  the  master-cams  A  A.  D  D  are  two  lugs  projecting 
up  from  tlie  base  of  the  maehiuc  in  which  are  turn  rollers  which 
contact  with  the  cam  surfaces. 

K  K  are  the  standards  for  the  milllDg-spindle,  L  a  cone  pulley 
22 
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driven  by  belt,  M  a  worm  which  turus  a  worm-gear  011  spindle 
N,  H  the  milling-cuttur,   /  a  draw-in  Hpriiig-chuck,  and  >/tlie 


driviiig- spin  die.     Tis  the  hand-wheel  for  feeding  in  the  cutter 
H.     The  pillion  0  on  the  womi-gejir  shaft  JV drives  gear  Q,  and 


pinion  A'  drives  the  large  gear  C  on  the  cam-spindle.  Thus  the 
milling-cutter  is  rotated  at  a  high  speed  and  the  work  A' very 
slowly. 

CHUCK  FOK   TUKNIXG  ECCENTKIC   RINGS. 
Fig.  405  shows  a  chuck  used  for  turning  eccentric  brass  rings 
of  the  shape  and  section  shown  at  A  in  the  eiigra^'ing.     They 
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were  to  be  bored  out,  faced  on  both  sides  and  turned  on  the 
periphery,  all  dimensions  beiiijij  made  to  gauge  so  that  the  pieces 
Mould  interchange.  In  ordc^r  to  turn  out  the  work  at  a  profit  it 
was  iiecessiiry  to  design  and  build  a  few  fixtures  for  the  handling 
of  the  work.  Two  chucks  W4?re  made  for  this  i)Uipose.  The 
first,  which  held  the  ring  while  the  eccentric  hole  was  being  bore<l 
and  one  side  faced,  was  of  no  special  interest.  After  this  oi>era- 
tion  the  keywayat  ^was  machined  with  the  aid  of  a  simple  slot- 
ting fixture. 

The  chuck  that  was  employed  for  the  last  operation,  that  of 
turning  the  periphery  and  facing  the  remaining  si<le,  possesses 
several  features  of  general  interest  that  may  be  adapted  to  other 
work  of  a  similar  nature.  This  chuck  is  shown  in  Fig.  405  hold- 
ing one  of  the  rings  in  position  to  be  opei*at(»d  upon.  The  body 
of  the  chuck  C  was  threaded  to  screw  on  to  the  spindle  of  the 
lathe,  and  carried  on  its  face  thiee  expanding  and  contracting 
segments  for  truing  and  holding  the  ring,  one  of  them  being  pro- 
vided with  a  key  which  fitted  the  key  way  B  for  locjiting  and 
driving  the  ring.  These  st^gments  were  held  in  place  on  the  face- 
plate by  three  shoulder-screws  I)  J)  l>  which  p;issed  through 
radial  slots,  thereby  allowing  the  s<»gments  an  in-and-out  move- 
ment across  the  face  of  tlie  chuck.  This  expanding  movement 
was  imparted  to  the  segments  by  means  of  the  knurled-head  ex- 
panding-screw  E,  which  wius  tapered  slightly  so  that  the  ten- 
dency when  they  were  tightened  or  expanded  would  be  to  force 
the  work  against  the  face-plate.  The  clamping  surfaces  were 
eas<»d  off  so  that  only  about  an  inch  of  each  would  bind  against 
the  work. 

The  manner  in  which  the  chuck  was  used  and  the  work  ma- 
chined was  as  follows:  The  stud  E  being  s<Te wed  outward  by 
grasping  its  knurled  head,  the  si^gments  were  contracted.  Then 
the  ring  was  located  against  the  face-plate  with  the  key  in  the 
segment  fitting  the  key  way  B,  The  exi)anding-stud  was  then 
screwed  in  and  the  segments  in  expanding  forc(»d  the  work  tightly 
against  the  face-plate  and  h(»ld  it  securely.  It  wastlMMi  a  simple 
matter  to  turn  the  periphery  to  the  re(|uired  diameter  and  face 
the  side,  after  which  the  s<'gments  were  contracted  by  unscrew- 
ing the  expander,  the  finished  piece  was  removed,  and  another 
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located  ready  for  machiuiug.  As  vill  be  understood,  tho  ma- 
.  chilling  oC  the  riiign  with  the  usual  means  tiandy  around  the  ^op 
would  have  beeu  difficult  aud  would  have  cousumed  much  time; 
while  by  tfalH  method  there  was  no  time  lost  and  the  complete  In- 
terchangeability  of  the  rings  wheu  finished  was  guaranteed.  It 
was  surprising  how  easily  and  rapidly  the  rings  were  located  and 
removed  nud  how  tightly  they  were  held.  As  the  brass  castings 
from  which  the  rings  were  finished  were  not  of  the  best  quality, 
a  cut  of  considerable  depth  had  to  be  taken,  thus  puttiug  con- 
siderable strain  on  the  segments. 


CHUCKING   FIXTURE  FOR  ECCENTRIC   STRAPS. 

While  none  of  the  tools  shown  in  the  following  are  of  very 
unnsual  construction,  tbey  are  of  interest  because  of  their  sim- 
plicity and  their  value  in  producing  rapidly  and  interchangeably 
the  required  parts. 

The  first  fixture  is  shown  in  two  views  in  Figs.  406  and  407. 
It  is  lined  in  the  boring  and  tapping  of  the  hole  A  in  the  eccen- 


tric Btrap  B.  Tlie  piece  is  of  cast-iron,  and  the  operations  per- 
formed previous  to  the  one  mentioued  are  the  milling  of  the 
face.-i  of  the  two  itarts  of  the  strap,  the  drilliug  and  tapping  of " 
the  two  holes  in  the  lugs  for  cam -screws,  the  boring  of  the  4^-inch 
hole,  and  the  facing  of  the  two  sides.  The  hole  is  bored  and  the 
two  sides  faced  at  the  one  handling  by  strapping  the  work  on 
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the  lathe  face-plate,  so  that  the  lugs  rest  011  parallels  which  are 
thick  enuagb  to  allow  of  usiug  a  "hook"  tool  for  fiiiishiug  the 
side  nearest  the  face-plate. 

The  fixture  for  boring  and  tappiug  the  hole  A  as  shown  in 
Figs.  406  and  407  is  very  simple  and  requires  but  little  descrip- 
tion. It  consists  of  an  angle-iron,  which  is  bolted  to  the  lathe 
face-plate;  a"locator,"  and  two  clamps.  The  "locator"  and  its 
use  are  shown  in  the  plan  view.  It  is  fastened  to  one  face  of  tbe 
angle-iron  by  means  of  two  flat-bead  screws  so  that  tbe  strap  B 
will  be  located  central  and  true ;  the  planed  snrface  by  which  the 
piece  B  is  joined  to  the  other  section  resting  squarely  against 
the  fa^-plate.  As  will  be  seen,  the  use  of  this  fixture  insures 
the  locating  and  finishing  of  the  hole  A  centrally,  and  in  lii  e 
with  the  large  hole  in  the  strap. 

TWO  NOSE-CHUCKS   FOB  ECCENTRIC  CAMS. 

In  Figs.  408  and  409  we  have  two  views  of  a  chuck  used  for 
the  first  operation  on  an  eccentric  cam.  It  is  of  cast-iron,  bored 
aud  threaded  at  tbe  back,  and  bored  eccentric  at  the  front  for 


the  stem  I  of  the  cam.  This  eccentric  hole  was  laid  out  with  the 
height-gauge  and  "buttoned,"  and  then  indicated  on  the  lathe 
face-plate  and  bored.  A  pin  J  locates  the  cam  properly  and  as- 
sists in  driving  it  while  the  snrfaees  K  and  L  are  being  ma- 
chineil.  Two  set-screws  equipped  with  brass  ends  are  used  at  M 
to  secure  the  stem  in  the  chuck. 

Tbe  next  operation  on  the  cams  is  tbe  milling  to  size  of  the 


342 


TOOI^MAKING   AND 


Ijoilion  ludicated  at  N.  For  this  a  simple  little  device  (uot 
sliowu)  111  tlic  form  of  an  angle-iron  witli  a  seat  apou  wtiich  to 
clamp  the  inarhiiied  portion  of  the  earn  is  used. 

For  the  thinl  operation,  wbicli  is  the  last,  the  chuck  shown  ip 
Fig.  410  IS  nsed      As  will  be  seen,  this  is  of  much  the  same  de- 


sign as  the  other,  except  that  it  is  equipped  with  a  "locator" 
which  fits  the  milled  channel  N.  Two  set -screws  fasten  the  work 
in  the  chuck. 

It  is  obvious  that  with  these  two  chucks  the  production  of 
cams  that  are  interchangeable  is  not  difficult,  and  at  the  same 
lime  it  is  possible  to  machine  them  rapidly. 


FIXTURE  FOK  (!HU<;K1N0  GASOLIXE-ENGINE 
(^YLIXDERS. 

The  chuck  Kliowti  in  Figs.  411  to  413  contains  some  points  of 
interest  that  may  be  adaplcd  to  the  rapid  pi'oduction  of  any  work 
of  a  character  similar  In  the  pieces  for  which  the  fixture  was  de- 
sij;iied.  The  casting  Iw  liohliiig  which  this  chuck  was  made 
wiis,  as  will  be  seen,  of  rather  unusual  shape.  It  formed  a  triple 
cylinder  for  a  liigh-spetHl  automobile  engine  which  was  being 
nmuufaelured  in  large  nuinlH'i-s.  It  had  thi-ee  cjiindiTS  B  B  B, 
which  were  i-equired  to  be  boi-ed  out  and  reamed  to  size  at  C, 
turned  on  the  oulside  at  E,  and  counterbore<l  and  tapped  for 
plugs  at-O.  The  portion  indicated  by  the  letter  A  was  the  hub. 
■The  centres  of  all  three  cylinders  had  to  lie  on  the  sjinie  plane 
and  spaced  so  as  to  form  exactly  the  same  angle  with  cjicli  other. 
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The  const  ruction  and  use  of  the  chuck  will  be  seen  by  refer- 
ence to  the  tliree  views  shown  In  the  ilhistration.  G  ia  a  face- 
plate, turned  and  finished  to  screw  on  to  the  lathe  spindle  and 
channeled  down  the  face  to  allow  of  locating  the  angle-plate  H, 
which  was  fasteiied  to  it  by  the  ciip-screws  K  K  K.  The  hub  of 
the  casting  was  first  held  in  another  chuck  and  boi-ed  out  on  the 
inside  and  finished  on  the  outside  to  gauge.  This  preliminary 
work  formed  the  basis  for  the  a^^curate  accomplishment  of  all  the 
succeeding  operations.      The  work  was  then  located  centrally 


on  a  boas  F  formed  upon  the  bracket  H  so  that  the  three  cylin- 
ders would  come  approximately  central.  For  clamping,  the  three 
straps  N  N  N  were  used ;  while  the  indexing  was  accomplished 
by  plug  K,  Fig.  412,  whose  locating  part  was  hardened  and 
ground  to  fit  the  finished  bore  of  the  cylinder,  and  also  the 
reamed  hole  in  the  lug  J. 

"When  using  the  chuck,  a  casting  was  first  clamped  somewhat 
loosely  upon  the  angle-plate  H,  being  located  centrally  by  the 
stud  F.  A  plug,  which  for  a  distance  along  its  length  fitted 
the  reamed  hole  in  the  lug  iT'aud  for  the  rest  of  its  length  fittrd 
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the  cored  holes  in  the  cylinders  loosely,  was  inserted,  tiirough  the 
lug,  into  one  of  the  cjUuders.     The  clamps  were  then  tightened 


and  the  machining  proceeded.     First  the  ontside  of  the  cylinder 
was  turned  at  E  E  to  gauge,  aft«r  which  the  steady  i-est  was 


brought  up  and  adjusted  so  that  the  finished  portion  ran  tme 
within  it.     This  was  followed  by  the  boring  and  reaming,  which 
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was  done  by  first  usiug  a  bar  with  an  inserted  cutter,  then  a 
shell-rose  reamer,  and  finally  a  one-bladed  reamer  for  finishing. 
After  reaming,  the  counterboring  and  tapping  were  done.  Xow 
the  clamps  were  loosened  and  slid  back,  the  work  removed  from 
the  angle-plate — the  temporary  plug  having,  of  course,  been  first 
removed — and  the  casting  relocated  with  the  finishing-cylinder 
in  line  with  the  lug  J.  The  plug  K  was  then  inserted,  through 
the  lug,  into  this  cylinder,  which  it  fitted  perfectly.  The  set- 
screw  M  was  tightened,  thereby  holding  the  plug  securely  in 
place,  after  which  the  clamps  were  secured  and  the  second  cylin- 
der was  bored,  reamed,  counterbored,  and  tapped  as  had  been 
done  with  the  first.  After  this  the  same  method  of  procedure 
was  followed  for  finishing  the  third,  or  remaining,  cylinder. 

SPECIAL  IVIILLING-  AND  DRILLING-JIGS. 

Fig.  414  shows  a  casting  which  formed  part  of  a  clutch  for  a 
perforating  machine.  The  jigs  shown  in  Figs.  415,  416,  417,  and 
418  were  used  in  its  production.  The  castings  were  4^  inches 
in  diameter  by  3^  inches  long,  with  a  cored  hole  in  the  centre. 


FIO.  4U. 

The  work  to  be  done  consisted,  first,  of  boring  and  reaming  the 
hole  A  A  to  2  inches,  facing  both  sides,  turning  the  outside,  and 
cutting  in  the  groove  E  E.  For  this  plain  lathe  no  fixtures  were 
necessary.  The  further  operations  required  were:  Boring  the 
hole  B  for  the  sliding  clutch-pin,  milling  the  slot  D  D  for  the 
feather  (7,  and  drilling  the  hole  F, 

For  drilling  the  hole  B  the  jig  Fig.  415  was  osed.  The  cast- 
iron  body  or  base  is  machined  on  the  bottom  to  bolt  on  to  the 
table  of  the  drill-press.  This  body  casting  has  a  stem  projecting 
up  from  the  centre  which  is  turned  to  fit  the  hole  ^  -^  in  the 
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work,  aod  is  tapped  at  tbe  top  to  suluiit  the  bndiing-plate clamp- 
iiig-screwB.  Tlicre  is  a  ina«biiieil  seat  for  the  work  to  locate  On. 
The  body  of  each  clamping-screw  enters  the  locatiug-stem  for 
a  certaiu  distance  to  iiisure  the  locating  of  the  centre  of  the 
hole  B. 

The  milling  of  the  slot  I)  D  in  the  casting  and  tbe  drilling 
of  the  hole  F  were  aeeniiipli8be<l  by  tbe  jig  shown  iu  Figs.  416, 


7,1X2, 


417,  and  418;  Fig.  41ii  sbowiug  it  its  used  for  the  milling  of  t^e 
slot,  and  Figs.  417  and  41S  when  drilling  the  hole  F. 

The  fixtnre  cousists  of  an  angle-plate  with  a  central  locating- 
stud  fitting  tlie  centre  hole  of  the  work,     Tliis  stud  is  tapped  for 


the  fastening-screw.  To  locate  tlie  work  on  the  jig  so  that  the 
slot  />  J>  when  milled  will  be  properly  located,  the  hole  B  in  the 
work  is  utilized,  a  steel  pin  in  the  jig  fitting  it.  This  pin  is 
made  tofd  the  bole  in  tbe  work  and  two  Iiolesin  the  fixture  easily 
to  allow  of  itsivnioval  and  reuse  in  loratingtlie  workin  position 
for  drilling  the  hole  /',     To  expedite  the  locating  aud  fastening 
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of  the  work  on  llie  fixture  and  its  removal  when  niillpd  a  chinip- 
iiig-wiisher  witli  u  soctinii  ciit  out  is  ii-s-d,  thus  allowing  of  merely 


looiwiiiiif;  the  screw  and  slii>piii{f  out  tho  waslicr  when  removing 
the  work.  When  in  nse  the  fixture  is  located  on  the  miller-table 
and  held  by  two  bolts,  the  tongnc  fitting  the  central  groove  of 
tlie  tabic. 

Tile  manner  in  whirh  the  hole  F\9,  drilled  is  clearly  Indicated 
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by  Figs.  417  and  41R.     As  will  be  seen,  all  that  is  necessarj-  to 
allow  of  using  the  lixtnre  fortliis  operation  is  the  locating  of  the 
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stud  ID  B  aud  the  locating  and  fastening  of  the  bashing-plate 
/  on  the  top  of  the  body  casting.  G  G  are  dowels,  H  a  cap- 
screw,  and  J  a  bushing.  As  the  hole  has  only  to  ran  into  tiie 
centre  hole  A  of  the  work,  the  presence  of  the  screw  W  does  not 
interfere  with  the  drilling.  Although  the  Hztiiree  are  very 
simple  and  inexpensive  they  are  great  labor  savera. 


A  SET  OP  JIGS   FOR  MILLING  AND  DRILLING. 

In  Fig.  419  we  have  three  views  of  a  cast-iron  punch-head 
used  ou  gang  eyelet-perforating  machines.  These  punch-heads 
are  required  to  be  machined  accurately  so  as  to  be  interchange- 
able, and  are  handled  during  the  course  of  manufacture  entirely 
by  jigs.  While  the  work  done  by  the  use  of  these  jigs  is  very 
accurate  and  is  accomplished  rapidly,  none  of  them  are  intricate 
or  expensive.     The  piece  shown  is  about  ten  1  nches  long  over  all. 


The  punch-head  consists  (not  counting  screws)  of  four  parts: 
The  head  proper,  of  cast-iron;  the  back-plate  V,  of  machine 
steel;  the  punch-key  /,  of  brass;  and  the  gib  at  C,  of  machine 
steel.  Leaving  the  smaller  parts,  we  will  take  up  the  machining 
of  the  heswl  proper. 

The  work  required  to  be  done  on  the  punch-head  consists  of 
milling  all  sides  stpiare  and  true,  milling  the  dovetail  BB  and 
the  gib-way  G,  milling  the  angular- formed  face  I)  I),  drilling 
and  reaming  the  long  central  hole  K  E,  drilling  four  holes  H  for 
fiistening  the  back-plate,  two  holes  for  fastening  the  brass  key, 
one  hole  for  the  gib-tightening  screw  F  and  another  clearance- 
hole  for  the  gib-pin  G. 


INTEBCBANGEABLE  MANUFACTURING. 


349 


The  castiuga  for  the  heads  before  machiniDg  were  square  all 
over  except  for  the  dovetailed  and  gib  scrfaces,  which  were 
roughly  cant. 

The  first  operation  wag  accomplished  ou  a  large  milliug-ma- 
cbine  by  means  of  a  supply  fixture,  and  a  large  inserted  tooth- 
milliug  cutter  Iiandliug  tcu  castings  at  a  time.  This  fixture  is 
not  Illustrated. 

For  milling  the  dovetail  and  gib-way  the  jig  Fig.  420  was 
used.     This  accommodated  eight  castings.     The  work  is  located 


P 


'p'i_j;Li>LJ[i3a. 


on  a  machiued  seat.  P  F  are  the  side-locatiuga,  L  L  the  lugs  for 
the  side -fastening  screws,  and  N  the  projection  in  which  the  end- 
fastening  screws  are  located.     With  this  jig  the  vertical  milliDg 


attaclimeiit  was  nseil.  First  the  dovetailed  slideway  was  ma- 
chined witlt  an  angular  cutter,  taking  two  cuts,  oue  at  each  aide; 
then  the  gib- way  C  was  machined  by  substituting;  a  suitable  cut- 
ter for  the  angular  one.  As  all  the  surfaces  of  the  ciistings  were 
perfectly  square  and  to  size,  Ihc  milling  in  this  operation  was 
done  very  nipidly. 
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The  milling  of  the  inclined  formed  face  D  D  oi  the  castings 
was  done  by  handling  one  ciusting  at  a  time  in  the  jig  Figs.  421 
and  422.     The  amount  of  nmterial  removed  in  this  operation  is 
indicated  by  the  dotted  lines.     A  large  formed  milling-cutter  was  . 
used  for  this  work. 

Operation  fourth  wius  the  drilling  of  all  tlie  holes  in  the  head 
ciisting.  This  drilling  was  done  before  milling  the  key  way  for 
the  bnuss  key,  l)ecaus(!s  llii^  long  central  hole  H  H  had  to  be  per- 
fectly straight  and  reamed  to  size. 

Fig.  423  is  a  plan  partly  in  section  of  the  jig.  It  is  of  the 
box  type  with  cast  legs  L  on  four  sides.     The  work  is  located  by 
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means  of  the  dovetailed  locator  ^V  ^Y  on  a  machined  sc»at  in  the 
bottom  of  the  jig,  and  is  secured  by  means  of  a  swinging  strap, 
not  shown,  hinged  at  Xand  fastened  at  Z  by  a  thumb-scixiw. 
The. locator  A'  y  is  of  machine  steel,  fastened  to  the  inside  of  the 
jig  side  by  two  dowels  C.  The  bushings  for  drilling  the  long 
hole  are  removable.  Tiiev  aie  notched  at  the  side  for  the 
knurled -head  locating-pins  7i*,  which  pnnent  them  from  turning 
or  falling  out.  The  hole  7/ 7/ is  drilled  from  both  ends,  half 
way  from  each.  When  reaming,  the  two-drill  !)usliings  are  re- 
phu'cd  !)y  others.  One  at  the  bottom  lits  tlie  reamer,  while  the 
upper  our  fits  the  stem.  In  reaming  this  hole  a  shell  reamer  re- 
versed i.^  us*»d,  so  that  the  cutting-end  is  ui)ward  and  the  hole  is 
reamed  from  the  bottom. 

For  milling  the  cross-slot  or  keyway,  the  jig  shown  in  Fig. 
424  was  ns4'd.     This  was  made  to  hold  a  numlwr  of  castings  at 
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onoe.  The  work  is  lociited  iiiul  fjxstened  positively  aiul  with  ease, 
and  its  removal  when  finished  is  quickly  aeconiplished.  The 
clamp  shown  at  the  front  end  is  so  made  as  to  allow  of  locating 


it  quickly  by  means  of  the  small  latch  P  which  is  hinged  in  the 
clamp  at  K,     By  simply  pressing  back  the  handle  of  this  latch 
the  clamp  is  released  and  may  be 
slid  off. 

By  reverting  to  Fig.  419  the 
machining  required  for  the  small 
l)art8  will  l>e  understood.  Fii-st, 
we  have  tlie  back -plate  V,  This 
is  of  machine  steel  and  is  first 
milled  and  scpiared  all  over,  the 
milling  of  the  formed  edge  to  co- 
incide with  the  formed  face  1>  D 
of  the  punch-head  lx*ing  done  after 
the  drilling  of  the  four  screw- 
holes.  Then  Ave  have  the  bntss 
"key."  This  is  cut  from  the  bar 
and  cleaned  up  to  size.  The  drill- 
ing of  the  two  holes  K  in  the  bniss 
key  and  the  four  J  in  the  back- 
plate  are  all  done  in  the  one  drill- 
ing-jig, Fig.  425.  The  jig  is  made 
to  accommodiite  a  plat(^  at  one 
end  and  a  brass  key  at  the  other. 
The  body  casting  is  machined  so 
Jis  to  leave  locating-seats  for  the 
work  and  with  a  channel  across 
it  for  the  ])iece  0  against  which  the  work  locates.  The  bush- 
ing-plate is  fastened    to  the  body   by   four  fiat-head   screws. 


FUf.  4SJ5. 
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iS  iSf  i8f  ^  are  the  plate-drill  busliings  and  T  T  the  key-drill  bush- 
ings. M  M  are  the  jig  legs  cast  on  the  body.  Q  and  B  are  two 
screws  for  fastening  the  work  on  and  against  the  locating  sur- 
faces. The  work  is  slipped  in  at  the  ends ;  then  the  screws  are 
tightened  and  the  holes  are  drilled. 

The  remaining  piece  shown  in  Fig.  419  is  the  gib.  This  has 
a  pin  which  is  grooved  out  at  one  side  to  coincide  with  the  taper- 
IK)int  of  the  gib-screw  F.  When  the  screw  is  tightened  it  forces 
the  gib  in  and  thus  clamps  the  head  in  position  on  the  x>erforat- 
ing-machine.  This  gib  is  of  machine  steel  and  is  milled  to  size 
in  the  miller-vise,  an  angular  cutter  being  used  to  taper  the 
edge.  For  drilling  the  hole  for  the  pin  L  a  simple  little  slip- jig 
is  used. 

The  tools  shown  possess  no  novel  features,  nor  are  they  of  in- 
tricate construction.  However,  they  are  interesting  and  should 
prove  suggestive  for  other  work,  as  they*  illustrate  how  accurate 
repetition  work  may  be  done  rapidly  and  cheaply  if  some  thought 
is  given  to  the  devising  of  simple  and  inexpensive  tools. 


FACING  AND   COUNTERBORrNTG  LARGE  SPIDEB 
CASTINGS  IN   THE  DRILI^PRESS. 

In  a  shop  where  paint-mixing  machines  are  built  the  writer 
came  across  a  method  of  facing  and  counterboring  large  castings 


Fifl.  426. 


in  the  drill-preas  which  may  prove  suggestive  to  readers  for  the 
machining  of  other  work  in  a  like  manner.  An  idea  of  the  shape 
and  size  of  the  castings  may  be  gained  from  Fig.  426,  in  which  is 
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Bhown  the  nature  of  the  work  to  lie  doue.  As  will  be  seen,  the 
casting  lias  two  hubs  wliicli  »re  rcquirpd  to  be  boied  to  a  fiDisbed 
diameter  of  five  inches,  then  faced  at  A  A,  B  B,  C  C,  and  I)  D 
i-espee lively,  and,  lastly,  couuterbored  at  F  F  to  a  depth  of  iine 
inch  and  a  diameter  of  seven  inches.  It  is  at  om-e  obvious  that 
the  large  drill-preBS  which  is  equipped  with  a  floor  base  is  the 
proper  machine  for  the  work,  and  that  it  would  be  very  difficult 
to  do  the  work  in  any  other  machine. 

The  boring  to  a  finish  of  the  cored  holes  in  the  hubs  preseuted 
no  unusual  diflficultiea ;  a  large  boring-bar  of  approved  construc- 
tion being  used  and  the  projecting  end  allowed  to  run  in  a  bush- 
ing bolted  to  the  floor  base  of  the  drill,  to  which  the  work  was 


strapped.  To  accomplish  the  fjvcinj;  nf  the  lonr  hub  fiices  and 
the  counterboring  of  the  S)>at  in  an  e?[{H-ditions  and  accurate 
manner,  however,  required  other  means  than  those  used  for  the 
boring.  It  wsis  for  this  work  that  the  special  facing  and 
counterboring  tool  illustrated  in  Fig,  427  was  used. 

As  will  be  seen,  the  s|iecial  tool  consists  of  the  regulation  bar, 
turned  taper  at  one  end  to  fit  the  drill-press  spindle,  and  rounded 
at  the  other  to  enter  easily  the  supporting  bushing  on  the  base 
nf  the  press.  This  bar  has  five  holes  let  though  it  to  a<'commo- 
date  the  boring-head.  The  holes  are  indicated  in  the  engravings 
by  letters  C  D  E  and  F  ivspectively.  Three  holes  are  for  the 
cutter-liar  and  the  other  two  are  tapped  holes  for  the  feed-screw 
G.  In  the  cntter-head,  7?  is  the  bar,  0  the  "goose-neck"  cut- 
ting-tool, a  seat  for  which  is  provided  in  the  cutler-clauips  M  at 
23 
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either  side  of  the  centre  as  the  taking  of  under  and  upper  cuts 
necessitates.  I  is  the  connecting  strap  between  the  cutter-bar 
and  the  feed-screw,  J  the  bar-fastening  nut;  G  the  feed-screw 
and  JTthe  hand  knob.  JV^is  a  cap-screw  used  for  fastening  the 
cutter  and  cutter-straps  to  the  cutter-bar. 

In  using  this  tool  the  bar  was  projected  down  through  the 
hubs  of  the  casting  until  the  end  ran  in  the  supporting  bushing 
at  the  base.  The  cutter-head  was  then  in  the  position  shown  in 
Fig.  427.  First  the  surface  A  was  faced,  the  feed-screw  being 
turned  a  little  by  hand  at  each  revolution — the  large  opening 
making  this  an  easy  matter,  ^ext  the  seat  F  F  was  bored  and 
finished  in  the  same  manner,  feeding  the  spindle  of  the  drill 
down  for  depth  and  the  feed-screw  of  ttie  cutting-head  for  diam- 
eter. After  this  the  under  face  of  the  upper  hub  was  faced  by 
removing  the  cutter-head  entirely;  feeding  the  spindle  down- 
ward until  the -upper  three  holes  in  the  bar  were  clear  of  the 
under  face  of  the  upper  hub;  then  relocating  the  cutter-head 
with  the  feed-screw  in  the  same  hole  as  it  occupied  in  the  first 
instance;  but  with  the  cutter-bar  in  the  upper  hole  C.  Thus 
the  cutter-bar  wjis  merely  reversed  and  the  facing  of  the  under 
side  of  the  hub  accomplished  by  feeding  the  spindle  up  instead 
of  down.  The  two  faces  of  the  lower  hub  were  faced  in  the 
same  manner,  the  cutter-head  being  removed  and  reversed  as 
required. 


CHAPTER  XXIIL 

Special  Machines  for  Accurate  Work  on  Dies ; 

Their  Use. 

PROGRESS  MADE   IN  THE  USE  OF  POWER- 
PRESSES. 

It  miist  be  gratifying  to  mechanics  who  are  interested  in  the 
cheap  and  accurate  j)roduction  of  metal  parts  to  note  the  won- 
derful progress  that  has  been  made  in  the  use  of  the  power-press 
during  the  last  few  years.  In  fact,  the  time  has  arrived  when 
this  modern  machine  has  demonstrated  its  efficiency,  when  used 
in  conjunction  with  suitable  dies  and  fixtures,  for  producing 
parts  of  steel,  iron,  and  other  metals  at  a  lower  cost  to  the  manu- 
facturei-s  and  to  a  finer  degree  of  interchangeabilit}'  than  it  has- 
heretofore  l>een  possible  to  attain  by  other  means. 

Where  the  power-press  has  been  adopted  for  the  production! 
of  metal  parts,  and  where  the  full  value  of  dies  is  understood! 
and  api^reciated,  the  machines  in  which  they  are  used  have  he- 
come  Jis  imi)ortant  factors  in  production  as  any  of  the  other 
machine  tools  in  general  use.  The  only  reason  for  their  non- 
adaptation  in  other  establishments  is  that  their  use  is  not  under- 
stood. There  are  a  great  number  of  shops,  both  large  and  small^ 
in  which  duplicate  small  parts  of  standard  shapes  and  sizes  are 
being  constantly  made,  by  milling,  drilling,  filing,  or  other 
means,  that  could  be  produced  at  a  greatly  reduced  cost  and  to  a 
higher  degree  of  accuracy  by  means  of  suitable  dies  in  the  foot- 
or  i>ower-press.  In  such  shops,  the  use  of  the  product  of  dies, 
that  is,  using  sheet-metal  blanks  instead  of  castings  where  prac- 
ticable, would  cause  the  people  who  are  responsible  for  results  in 
such  shops  to  first  open  their  ej-es  and  later  to  double  their  pro- 
duction and  profits. 
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HAlfD-FrSISHINQ  VS.    MACHINE-FINISHING  OP 
DIES. 

While  nopibers  of  special  machiDes  and  devices  have  been 
invented  for  the  making  of  all  kinds  of  other  tools,  hand-work, 
to  a  greater  or  less  degree,  has  been  depended  upon  for  the  mak' 
ing  of  dies,  from  the  simple  blanking  type  to  combinatioDS  of 
the  tools.  The  advent  of  the  vertical  attachment  for  the  univer- 
sal milling-macbinc  helped  some ;  but  what  was  n~anted  was 
machiuo  which  would  do  the  work  which  it  w^ts  then  only  pcwsi' 
bio  to  accomplish  by  the  hand  of  a  skilled  mechaoic  with  a  file. 
Thus,  to  a  certain  extent,  the  use  of  dies  has  been  prevented  by 
tlic  expense  which  would  bo  iucurred  in  the  making  of  them. 
This  excuse,  however,  is  now  no  longer  operative,  for  there  are 


now  machines  which  will  do  llio  work  on  dies  formerly  only  pos- 
sible by  hand  labor.  I  reftT  fo  the  various  die-shaping  and  mill- 
ing-machines which  are  now  on  the  market. 

The  value  of  these  machines  to  all  concerns  in  which  many 
dies  are  made  may  be  judged  from  Fig,  42S,  in  which  are  shown 
a  number  of  dies  of  different  types  which  were  machined  and 
finished,  up  to  the  point  of  hardening,  by  the  use  of  a  die-mill- 
ing machine.  Kvory  die  maker  knows  the  skill  nccess!ir>'  for 
finishing  such  dies  by  hand,  esirecially  in  giving  the  proper  or 
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required  degree  of  clearauee  all  the  way  through.  By  the  use 
of  machines  of  the  tyi)e  mentioned  above,  this  can  be  accom- 
plished with  ease ;  and  dies  which  are  required  to  be  straight,  or 
tapered  slightly  inward,  as  is  necessary  in  burnishing-dies,  may 
be  finished  with  no  more  trouble  than  would  be  iffvolved  in  the 
finishing  of  a  die  with  excess  clearance. 

USE  OF   DIE-MILLING   MACHINES. 

The  die-milling  machine  may  be  used  for  roughing  out  and 
finishing,  to  within  a  thousandth  of  an  inch  or  so  of  the  templet 
lines,  any  kind  of  blanking-,  trimming-,  or  punching-dies,  such  as 
are  required  to  produce  silverware,  jewelry,  bicycle  parta,  drop- 
forgings,  type^Titer  parts,  sewing-machine  parts,  etc. 

A  type  of  die-milling  machine  now  in  use  in  a  number  of  die- 
shops  is  so  constructed  that  the  frame  of  the  machine  is  sup- 
ported on  trunnions,  or  gudgeons,  which  hold  it  in  any  desired 
position,  so  that  the  operator  may  have  the  best  possible  light  on 
the  surface  of  the  work.  The  spindle  is  perpendicular  to  the 
machine  face  and  is  adjustable.  When  arranged  for  milling 
blanking-dies  the  cutter  projects  through  an  opening  in  the 
chuck  in  which  the  work  is  clamped,  and  is  straight  or  tapered 
to  suit  the  amount  of  cleanmee  required  in  the  die.  When  such 
machines  are  used  it  is  onl}'^  necessary  to  drill  one  hole  through 
the  die -blank,  and  the  cutter,  starting  in  this  hole  and  following 
the  outline  of  the  templet,  removes  the  entire  centre  in  a  single 
piece.  The  chuck,  or  work-holder,  on  such  machines  is  moved 
in  either  direction  by  means  of  two  slides  at  right  angles  to  each 
other  and,  by  the  use  of  hand-wheels  on  the  feed-screws,  the  out- 
lines of  the  templet  on  the  surface  of  the  work  are  accurately  fol- 
lowed. To  lussist  in  doing  this  there  is  a  pointer  at  the  right  of 
the  work  which  remains  at  a  fixed  position  with  reference  to  the 
cutter  when  the  latter  is  beh)w  the  siuface  of  the  work,  and  indi- 
cates its  exact  position.  This  is  a  convenience  in  cases  where  a 
sharp  corner  is  to  be  made,  when  the  cutter  can  be  lowered  and 
the  cutting  continued,  guided  by  the  pointer,  thus  leaving  ^^ery 
litth*  lo  be  tiled. 

Although  die-milling  machines  are  not  built  usually  to  take 
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very  large  work,  they  will  take  blanks  or  forgings  up  to  ten 
iDclies  wide  by  two  iuches  thick  and  any  length. 

DIE-SIXKING   ATTACHMENT. 

In  connection  with  machines  for  die-making,  a  die-sinking  at- 
tachment maybe  used,  and  if  a  great  number  of  dies  are  required 
to  l)e  sunk,  one  of  them  is  worth  having.  By  the  use  of  the  die- 
sinking  attachment,  the  skill  and  knowledge  necessary  to  the  suc- 
cessful use  of  small  chisels,  gravers,  rifflcj^,  and  other  tools  of  the 
hand-die  sinker,  are  not  absolutely  necessary,  and  a  good  die- 
maker  will  have  no  difticnlty  in  doing  the  best  work  in  this 
line.  As  these  attachments  can  be  attached  to  die-milling  ma- 
chines in  a  few  minutes,  the  machine  is  converted  into  a  die- 
sinking  machine. 

MACHINE  FOR  FILING  DIES. 

In  a  number  of  shops  known  to  the  author  they  have  also  a 
special  machine  for  filing  the  dies  worked  out  in  the  die-milling 
machine.  This  machine  is  iise<I  for  filing  to  a  finish  all  kinds  of 
blanking-,  trimming-,  punching-,  and  irregular  or  square-shaped 
drawing  dies,  or  anything  of  that  kind  that  has  to  be  filed  accu- 
rately. 

By  adjusting  the  table  of  this  machine  to  a  graduated  plate, 
any  desired  clearance  from  one  to  ten  degrei^s  can  be  obtiuned. 
By  setting  the  machine  at  zero,  the  walls  of  a  drawing-die,  a 
burnishing-die,  or  an  accurate  trimniing-di(»  can  be  filed  or  lapped 
perfectly  square,  sonu»thing  that  is  inipossibh*  by  hand,  even  by 
the  most  skilful  die-maker.  In  these  i\V\u<^  machines  care  must 
always  be  taken  to  have  the  upper  end  of  the  file  supported  by  ad- 
justing a  i-est  i^r()vi<led  for  that  purpose.  The  amount  of  stroke 
in  machines  of  this  kind  can  be  readily  adjusted  by  a  slot-headwl 
screw  in  the  driving-disc,  carrying  it  further  from  or  closer  to 
the  centre,  Jis  the  woik  maj'  require.  For  tine  tiling  a  short 
stroke  is  desimbh*. 

The  samples  of  die  work  shown  in  Fig.  428  are  ouly  a  few  of 
the  large  variety  of  dies  which  can  1k^  linished  in  half  the  time 
and  at  half  the  expense^  usually  required  when  other  means  are 
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nsed.  Althoagb  it  is  :i  fact  that  skilful  workmen  can  often  ac- 
compliRb  the  most  astouisLiug  results  with  tools  which  are  far 
from  being  what  they  sliould  be,  an  equipment  of  up-to-date  tools 
is  always  to  be  desired  in  any  Hue  of  mecbauical  work. 

A   DIE-SHAPER. 

The  line  drawing  (Fig.  429)  showfl  in  use  a  device  which  prac- 
tically converts  a  milling-machine  into  a  vertical  shaper,  or,  as 


iisnnlly  miscalled,  a  slotting- machine.  It  is  especially  servioe- 
able  in  working  out  dies  for  punch  ing-presses,  following  any  out- 
line, regular  or  irregular,  and  giving  the  required  clearance  all 
ai'ouud.  As  will  Iks  seen,  the  attachment  may  be  used  upou  any 
luilling-machino  of  Ihe  standard  tyi>e,  and  when  once  fitted  ma,y 
be  slipped  on  or  off  as  required. 
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The  large  vertical  casting  seen  in  front  clamps  on  to  the  over- 
hanging arm  of  tlie  machine,  and  a  spindle  below  is  driven  by 
a  taper-shank  which  fits  the  machine  spindle.  Between  the  two 
bearings  which  are  provided  for  this  spindle  it  has  secured  to  it 
an  eccentric  or  oxvai  which  operates  a  horizontally  sliding  block 
which  works  in  the  cross-slot  of  a  vertical  slide  carrying  the  cut- 
ting-tool. The  vertical  stroke  obtained  is  1\  to  IJ  inches,  as  de- 
sired. The  cutting- tool  is  made  of  ^-inch  round  steel,  secured 
in  the  socket  by  a  set-screw.  This  tool  socket  is  separate  from 
the  vertical  slide,  and  when  the  tool  is  set  it  may  be  turned 
around  as  required,  so  that  any  outline  may  be  followed  and  all 
corners  may  be  worked  into.  A  clapper-block  has  been  pro- 
vided which  gives  perfect  clearance  for  the  tool  on  the  up-stroke. 

The  drawing  shows  the  tool  at  work  upon  a  half -die  of  irregu- 
lar outline.  This  die  is  mounted  upon  a  tilting-chuck  which  ac- 
companies the  attachment  and  provides  the  necessary  clearance- 
angle  for  die  work. 

It  will  be  noticed  that  the  middle  face  between  the  rings  is 
oblique  and  by  turning  these  the  pitch  is  thrown  in  the  different 
directions  requii-ed,  a  locking-pin,  a  clumping -screw  and  a  bar 
for  turning  the  rings  being  provided.  The  central  post  has  a 
spherical  head,  so  that  it  can  incline  as  the  angle  requires. 

A   SMALL   DIE-SLOTTEK. 

The  machine  shown  in  Fig.  430  is  suitable  for  all  such  work 
as  small  key-st^ating,  die-slotting,  both  straight  and  taper;  also 
internal  or  external  gear  ])atterns  wIumm*  draft  is  required,  and 
all  that  class  of  common  slotting  shown  in  Fig.  431. 

The  two  cross  motions  and  the  rotary  table  provide  for  fol- 
lowing any  outline. 

The  handl(^for  the  rotary  table  is  arranged  for  using  dials  for 
dividing  purposes,  but  for  small  divisions  and  rapid  work  it  may 
be  entirely  removed,  and  the  table  revolved  by  hand,  using  the 
locating  device,  which  provides  twelve  divisions  for  square,  hex- 
agon, octagon,  etc. 

The  stroke  ot*  the  niaeliino  hivs  been  fixed  at  2.}  inches,  which 
is  ample  for  the  class  of  work  for  which  the  machine  Ls intended, 
and  affords  greiiter  strength  than  an  adjustable  pin. 
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The  speed  can  be  changed  by  means  of  the  cone  pulley. 

The  slide  for  the  ram  can  I)e  swiveled  five  degrees  either  way 
and  set  by  a  graduated  index,  thereby  insuring  the  same  draft 
to  every  part  of  the  die.  Tlie  tool- 
block  is  well  adapted  for  holding  spe- 
cial tools.  It  swivels  in  a  centre  rear 
its  lower  end,  and  at  the  upper  end, 
carried  in  a  yoke,  are  two  hardened 
plugs  wliich  bear  ou  a  cam  that  is 
buslied  into  the  lower  eud  of  the  con- 
necting rod,  and  from  it  derives  a  par- 


^^ 


$^9^ 


tially  rotary  motion,  thus  locking  the  tool-block  on  the  down 
stroke  and  causing  the  tool  to  clear  on  the  up  strokes. 


A   DIE-FILIN(i   M.\.CHINE. 

The  die-filing  machine  illustrated  in  Fig.s.  433,  434,  and  435, 
while  being  designed  particularly  for  die-making,  is  now  in  use 
in  many  of  the  best -equipped  factories  in  this  country  at  a  variety 
of  other  work. 

A.  great  deal  of  metal  pattern  work  may  be  done  on  this  ma- 
chine at  a  great  saving  of  expense.  Hardened  dies,  gauges,  etc., 
may  Ix^  lapi>ed  much  faster  and  truer  than  by  hand.  A  variety 
of  small  parts  too  delicate  to  l)e  milled  may  be  filed  accurately 
and  economically.  It  is  also  well  adapted  to  making  a  great 
many  templets  and  forming-tools. 
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lu  the  following  pages  I  illustrate  a  few  wajrs  in  vhich  the 
filiug  machine  is  adapted  to  die-making  and  in  which  it  has 
proved  itself  a  success  by  actual  use  in  various  tool-rooms  where 
it  has  been  installed. 

In  filing  dies  by  hand  as  per  Fig.  1.33  a  man  must  work  in  a 
cramped  position  where  the  light  is  often  very  poor  and  where 


the  lines  lo  which  lie  is  working  are  generally  on  the  side  away 
from  the  source  of  light.  He  must  watch  the  lines  and  keep  his 
surface  flat  and  true,  while  nil  the  time  exerting  do  small  amount 
of  strength. 

Under  these  conditions  die-making  requii-es  a  verj-  high- 
priced  man  and  he  must  s]>end  a  good  part  of  the  time  in  testing 
the  aceur.iey  of  tiie  work  and  in  resting. 

Willi  the  tiling  machine  the  work  is  flat  on  the  table  with  the 
lines  in  plain  view  and  where  it  will  obtain  the  bc-st  possible  light. 

The  <-oii'ect  unioiint  t>f  cleaniiice  or  angle  is  acciii-ately  ob- 
taincil,  and  Miefile  moving  in  an  absohitely  stmiglit  line  gives 
a  true,  ftiil  Kiirfiu-e  with  no  rounded  edges.  Thus  the  oi(crator, 
as  shown  in  Fig,  4;t5,  is  i-elieved  of  these  details  and  may  devote 
his  attention  solely  to  guiding  the  work. 
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The  macliiue  does  the  hard  work,  and  the  operator  is  in  a 
comfortable  poBition  and  able  to  do  more  aud  better  work. 

The  cut  Fig.  433  shows  the  muchiiie  sawing  out  a  die.  In  a 
variety  of  dies  the  lines  are  straight  or  nearly  go,  and  au  ordi- 


nary 6-,  7-  or  8-iiieh  blade  mny  be  used,  sawing  very  close  to  the 
lines,  giving  the  ])ropcr  shear  by  tilting  the  table,  and  leaving 
very  little  filing  to  be  done. 

For  smaller  work  a  narrow  blade  may  t>e  used  which  may  be 
turned  in  small  circles;  there  can  be  had  a  4-iuGli  blade  -^-inch 
wide  with  wide  kerf  for  this  work. 

In  cut  Fig.  434  is  shown  the  manner  of  using  large  files  for 


rongtiiiig.  The  file  is  clamped  ligidly  at  both  ends  and  the  work 
held  ii{::iins(  it  willi  the  fetulserew  and  guided  by  hand. 

Till'  file  moving  straight  up  and  down  gives  uo  chance  of 
rounded  ('dfies  and  the  stock  may  be  removed  very  fjist. 

Fig.  43.")  shows  the  method  of  finishing  small  work  with  small 
(iles,     Tlie  tile  is  held  in  the  lower  clamp  only,  the  upper  clamp 
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removed,  leaving  the  work  free  to  be  taken  out  and  examined 
at  will  without  disturbing  the  file.  The  file  clamps  are  made  to 
take  any  file  from  the  smallest  up  to  ^-inch  thick.  Saws  are  in- 
stantly adjusted  on  pins  on  the  file  clamps. 

File  clears  on  the  return  stroke  in  either  direction.  Clear- 
ance is  provided  for  the  file  whereby  it  is  held  clear  from  tlie 
work  on  the  return  stroke.     The  file  may  be  made  to  cut  on 


Fio.  435. 

either  the  up  or  down  stroke  by  changing  the  crank-pin  to  the 
opposite  end  of  the  crank-arm.  The  amount  of  clearance  is  ad- 
justable from  ^y  to  0  by  means  of  a  knurled-headed  screw  at  the 
front  of  the  frame. 

Tilting  table.  Graduated  readings  are  provided  by  which  the 
machine  can  1x3  set  at  any  angle  with  mechanical  exactness. 
Files  a  straight  and  true  surface. 

Feeding.  A  screw  feed,  operated  by  hand,  is  provided,  by 
which  the  work  can  be  fed  to  the  file  in  any  direction  on  the 
table. 

An  adjustable  strap  is  i)rovided  to  hold  the  work  down  to  the 
table.     This  is  especially  useful  in  sawing  and  heavy  filing. 

An  air-pump  is  provided  to  blow  awaj'  the  chips  and  filings, 
by  which  the  work  and  file  are  kept  clean,  insuring  a  smooth  cut. 

Four  changes  of  speed  are  provided :  from  60  to  450  revo- 
lutions. 


CHAPTER  XXIV. 

The  Art  of  Working  Sheet  Metals  in  Dies  and 

Presses. 

USE  OF  SHEET  METAL   IN  PLACE   OF  OTHER 

MATERIALS. 

The  marked  progress  that  has  been  made  in  the  art  of  sheet- 
metal  working  and  that  made  in  the  use  of  the  power-press  for 
the  cheap  and  aceui*ate  production  of  large  and  small,  plain  and 
ornamental  sheet-metal  pai-ts,  during  the  last  decade,  has  led  to 
the  use  of  sheet  metal  as  a  material  in  the  construction  of  many 
articles  and  appliances  formerly  made  from  other  materials. 

Dies,  operated  by  presses — power,  foot,  hydraulic,  and  hand — 
do  a  stui)endous  share  of  the  work  of  man ufiicturing  metal  goods, 
from  the  small  troiLser  button  to  the  miussive  boiler  head.  Not 
only  are  these  tools  nsed  for  the  simi)ler  operations  required  in 
the  cutting  out  of  irregular  shapes  cheaply  and  accurately,  but 
for  bending,  twisting,  drawing,  embossing,  and  forging  opera- 
tions jis  well. 

As  an  instance  of  what  is  being  accomplished  along  the  line 
of  sheet-metal  working  in  dies,  I  may  state  that  in  the  sample 
room  of  the  great  press  and  die  works  of  E.  W.  Bliss  Com- 
pany, of  Brooklyn,  N.  Y.,  may  he  seen  samples  ranging  all  the 
way  from  an  aluminum  mandolin  body  to  a  full-size  sheet-metal 
barrel,  and  from  shiH^t-metal  sinks  and  boiler  heads  to  aluminum 
antoniobile  bodies. 

Next  to  a  thorough  understanding  and  appreciation  of  the 
])ower-i)reKs  as  a  machine  tool,  a  practical  understanding  of  the 
most  approved  methods  and  processes  for  the  economic  produc- 
tion of  sheet-metal  parts  and  articles  in  it  is  most  necessary  to 
those  engaged  in  the  working  of  sheet  metals.  Although  the 
nnml)er  of  establishments  where  sheet  metal  is  worked  in  dies  is 

great,  there  are  many  where  the  most  approved  processeB  are  not 
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known,  or  the  proper  construction  of  the  tools  is  not  nnderstoocL 
In  such  works  the  interdiction  to  the  rapid  and  accurate  produc- 
tion of  new  and  unusual  shaped  articles  lies  in  those  responsible 
for  results  not  being  familiar  with  the  construction  and  use  of 
suitable  tools. 

SIMPLEST   CLASS  OF  PRESS  TOOLS. 

The  simplest  class  of  tools  used  in  the  power  press  are  those 
for  ordinary  bending.  In  this  class  of  punches  and  dies  it  is 
necessary  to  combine  simplicity  with  durability  and  cheapness ; 
and  one  of  the  things  to  be  prized  is  an  ability  to  devise  simple 
and  effective  means  for  producing  in  the  fewest  number  of  opera- 
tiousthe  articles  required,  and  coustru:ting  the  tools  so  as  to 
allow  of  being  set  up  and  operated  by  unskilled  help.  Very 
often  it  is  possible  to  design  a  die  that  will  accomplish  in  one 
operation  that  which  usually  requires  two  or  more  to  produce, 
being,  of  course,  of  a  more  complicated  and  accurate  construc- 
tion and  requiring  more  skill  and  intelligence  to  operate.  On 
the  contrary,  though,  it  is  often  preferable  to  increase  the  num- 
ber of  operations — by  adopting  simpler  methods — in  dies  that 
will  stand  rough  usage.  The  nature  of  the  work  and  the  quan- 
tity of  i)arts  required  should  determine  this. 

"GANG'' AND   **  FOLLOW   DIES. 

For  the  production  of  small  sheet -metal  articles  which  are  re- 
quiixid  to  be  i)ierced,  bent,  formed  or  stamped  at  one  or  more 
points,  the  dies  should  be,  whenever  possible,  of  the  "gang"  or 
"follow  "  types;  that  is,  tools  in  which  gangs  of  punches  and 
dies  are  assembled  and  located  so  that  results  desired  in  the  fin- 
ished blank  will  be  accomplished  progressively  in  one  operation. 
It  is  only  by  the  use  of  such  dies  that  small  sheet-metal  articles 
can  te  produced  in  large  quantities  at  a  i)rofit.  All  too  fre- 
quently (lies  of  the  plain  or  "single  "  tyi)e  are  used,  and  three  or 
more  sets  of  them  are  n^quinnl,  when  the  siime  i-esults  could  be 
accomi)lished  in  one  operation  if  the  proper  attention  were  given 
to  the  devising  of  suitable  tools.  When  sheet-metal  articles  are 
required  in  large  quantities  an  operation  saved  means  a  great 
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deal ;  and  if  two  operations  can  be  saved  even  at  the  outlay  of 
considerable  money  and  time,  the  results  attained  will  more  thsan 
compensate  for  all. 

PIERCmG   OR  PERFORATING  DIES. 

The  construction  of  punches  and  dies  for  piercing  or  perforat- 
ing sheet  metal  is  comparatively  simple  and  no  very  intricate 
methods  are  involved.  Their  construction  is  usually  similar  to 
that  of  the  "gang"  type,  and  they  are  used  for  ox>erations  on 
work  ranging  all  the  way  from  ornamental  thin  sheet-metal  arti 
cles  to  the  punching  of  holes  in  steel  beams  and  boiler  plates. 
The  holes  pierced  may  be  of  any  shape  and  spaced  as  desired. 
Often  a  nimiber  of  small  blanks  are  produced  at  each  stroke  of 
the  press  by  dies  of  this  class;  a  sheet  of  metal  of  the  requii*ed 
width  being  fed  to  the  dies  automatically.  Perforated  sheets  of 
different  metals  are  now  in  great  demand  and  are  used  for  a 
variety  of  purposes  too  numerous  to  mention. 

PROCESSES   FOR  DRAWN   WORK. 

For  the  production  of  drawn  and  formed  shells  from  sheet 
metal,  the  dies  in  general  use  consist  of  four  distinct  tyi)es.  The 
first  and  most  primitive  method  consists  of  x)unching  out  the 
blank  to  the  desired  shape  and  size  in  a  x>lain  blanking  die,  and 
the  pushing  it  through  the  drawing  die,  or  dies,  according  to  the 
de^sired  length  of  the  shell.  This  manner  of  producing  shells  is 
the  cheai)est  only  where  a  small  quantity  is  desired.  The  second 
method  is  by  the  use  of  compound  dies  and  the  double-acting 
press,  in  which  the  blanking  punch  descends  and  punches  out 
the  blank,  and  then  remains  stationary  while  the  shell  is  being 
drawn  and  formed  by  the  internal  drawing  punch.  The  third 
method  is  by  means  of  a  punch  and  die  of  the  combination  type, 
in  which  the  j)unehing  and  drawing  dies  are  combined  and  are 
used  in  a  single-acting  i)ross.  This  method  is  by  far  the  most 
popular  and  generally  used  one,  as  well  Jis  the  most  practical  for 
the  production  of  i)lain  or  fancy  drawn  shells  which  are  not  re- 
quired to  exceed  one  inch  in  height.  The  design  and  method  of 
constructing  dies  of  the  combination  type  differ  according  to  con- 
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ditions;  but  the  fundamental  principles  involved  are  substan- 
tially the  same  in  all  of  them,  and  may  be  adapted  for  the  pro- 
duction of  drawn  shells  of  any  shape  which  it  is  x>08sible  to 
produce  in  one  operation  in  a  single-acting  press.  The  fourth 
and  last  method  of  drawing  shells  is  by  means  of  triple-acting 
drawing  dies;  they  are  used  to  produce  shells  which  are  required 
to  be  blanked,  drawn,  embossed,  lettered,  paneled,  in  one  opera- 
tion ;  and  ai-e  used  in  triple-acting  presses. 

Farther  on  in  this  work  all  the  different  types  of  dies  used 
for  the  production  of  drawn  sheet-metal  work  are  fully  illustrated 
and  the  most  approved  methods  of  constructing  them  exhaust- 
ively described. 

DEPTH  WHICH  MAY  BE  DRAWN  IS  SHEET  METAL. 

The  depth  which  may  be  drawn  in  sheet  metal  in  one  opera- 
tion is  usually  equal  to  about  one-half  the  diameter  for  small 
cups,  and  one-third  for  large  vessels. 

Where  a  depth  greater  than  can  be  drawn  in  one  operation  is 
required,  it  is  necessary  to  accomplish  the  job  in  two  or  more 
operations;  drawing  a  larger  and  shallower  shape  first,  and  after- 
ward reducing  the  shell  to  the  desired  size  and  shape. 

ANNEALING   AND   LUBKICATING   IN  DRAWING. 

In  deep  drawn  work  the  edge  becomes  irregular,  and  requires 
trimming  before  finishing  the  piece.  It  is  also  necessary  in  such 
work,  or  in  other  cases  where  the  metal  is  severely  worked,  to 
anneal  the^netal  during  the  processes;  but  tin-plate  is  ruined  by 
annealing ;  hence  such  work  is  drawn  and  annealed  before  plat- 
ing, or  if  some  stiffne^ss  is  required  in  the  finished  articles,  one 
drawing  operation  may  be  performed  after  annealing  and  i)lating. 

When  drawing  bright  steel  it  is  necessary  to  use  oil  as  a  lubri- 
cant, and  apply  it  in  spots  over  the  sheets  before  they  are  worked 
up. .  In  working  tin-plate  the  coating  of  tin,  together  with  the 
thin  film  of  oil  left  on  it  from  tinning,  are  ordinarily  sufficient 
lubricant;  but  in  drawing  large  pieces  in  a  double-acting  press  a 
stick  of  paraffin  wax  may  be  passed  once  around  the  edges  of  the 
blanks. 
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THE  DRAWING   AND  FORMING  OF  DECORATED 

SHEET-METAL  ARTICLES. 

By  far  the  greatest  development  in  dies  for  the  drawing  of 
sheet  metal  has  been  along  the  line  of  decorated  tin  boxes.  The 
fundamental  practical  points  to  be  kept  in  mind  when  construct- 
ing dies  for  working  such  stock  are  as  follows:  Make  three  tem- 
plets— one  for  the  drawing  die,  another  for  the  drawing  punch, 
and  a*  third  for  the  corners,  so  as  to  get  them  the  proper  radins. 
Finish  the  drawing  die,  the  punch  plate,  the  two  sides  of  the 
blank-holder  ring  and  the  inside  of  it,  and  the  drawing  die,  be- 
fore starting  on  the  cutting  die  or  punch.  Then  make  your  trial 
draws  until  the  proper  blank  is  found.  When  the  exact  blank 
has  been  found,  finish  the  cutting  die  and  the  outside  of  the 
blank-holder  ring,  and  fit  the  blanking  punch.  Take  a  cut  off 
the  die  base  after  the  die  has  been  hardened — this  base  should 
be,  of  course,  of  mild  steel.  For  decorated  metal  allow  about 
.006-inch  clearance  in  the  drawing  die;  that  is,  finish  the  draw- 
ing die  .006-inch  and  two  thicknesses  of  metal  larger  than  the 
dniwing  punch;  while  for  plain  tin  allow  about. 0035 -inch clear- 
ance in  the  drawing  die.  By  giving  this  (Clearance  there  will  be 
no  necessity  for  easing  up  with  files  or  scraping  or  grinding,  and 
the  designs  on  the  metal  will  not  be  marred  or  scratched.  Round 
the  edges  of  the  drawing  die  smoothly;  if  the  draw  is  very  short, 
^  inch  will  be  enough,  and  if  long,  increase  it  accordingly.  Be 
careful  to  get  all  the  corners  of  the  drawing  punch  the  same 
radius  and  those  in  the  die  also  (plus  two  thicknesses  of  metal 
and  the  clearance)  and  lap  very  smooth.  By  keeping  the  foi^e- 
going  i)oints  in  mind  no  trouble  will  be  encountered  when  con- 
structing a  die  of  this  type  or  in  using  it  either. 

"  FINDING ''   THE    BLANKS    FROM   WHICH  TO    DRAW 

SHELLS. 

The  finding   of  the   proper  size  blank  for  drawn  shells  is 

usually  a  troublesome  matter;  however,  the  way  to  figure  out  the 

approximate  size  of  a  blank  for  a  straight  cylindrical  shell  is  as 

follows:  Take  the  outside  diameter  of  the  shell  to  be  drawn  and 
24 
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add  to  it  the  length  or  depth  of  same.  Then  add  to  this  ^^  iucli 
for  every  i  inch  of  depth,  and  the  resulting  total  will  be  very 
near  the  exact  size  of  the  required  blank.  For  deep  shells  this 
rule  will  allow  of  finding  a  blank  which,  when  the  shell  is  drawn, 
will  leave  enough  for  trimming ;  while  for  shallow  depths,  which 
will  di-aw  perfectly  straight  across  the  top,  a  slight  reduction  in 
size  will  be  necessary.  The  amount  to  deduct  will  become  ap- 
parent after  the  first  trial  draw. 

There  are  any  number  of  rules  for  figuring  the  side  of  blanks, 
in  which  the  principle  upon  which  the  finding  of  the  diameter  is 
based  is  that  the  area  of  a  drawn  shell  equals  the  area  of  the 
blank  from  which  it  is  drawn.  But  as  this  is  never  the  case,  be- 
cause of  the  fact  that  all  metals  stretch  and  run  unevenly  under 
drawing  pressure,  the  rules  work  well  only  on  paper.  The  way 
to  construct  a  drawing  die  in  the  shortest  possible  time  is  to 
figure  out  the  apx)roximate  size  of  the  blank  in  the  manner  de- 
scribed in  the  foregoing ;  cut  out  and  file  up  a  templet  according 
to  the  result ;  make  the  drawing  portions  of  the  die ;  make  the 
trial  draws ;  discover  where  there  is  an  excess  or  a  deficiency  of 
metal ;  make  a  new  templet,  which  should  be  almost  i)erfect, 
draw  it  up,  and  if  found  correct  finish  the  cutting  portions  of  the 
die. 


CHAPTER  XXV. 

The  Making  and  Use  of  Punches  and  Dies  for  Sheet- 
Metal  Working. 

Having  in  the  preceding  chapter  presented  the  fundamental 
principles  and  practical  points  which  are  necessary  for  the  tool- 
niaker  to  know  in  order  to  construct  and  use  dies  successfully,  I 
will  devote  this  chapter  to  describing  and  illustrating  the  various 
types  of  dies  in  general  use.  The  designs  have  been  selected  as 
representing  the  most  advanced  practice  in  the  best  shops,  and 
may  l>e  adopted,  with  slight  modifications,  in  dies  for  the  pro- 
duction of  sheet-metal  parts  and  articles  in  endless  varieties. 

The  numlxir  of  dies  shown  in  this  chapter  and  the  one  follow- 
ing is  sufficiently  large,  and  the  variety  representative  enough, 
to  allow  of  the  reader  comprehending  all  types.  When,  in  the 
case  of  the  descriptions,  it  has  been  found  expeditious  to  de- 
scril)e  'means  and  ways  for  constructing,  this  has  been  done.  In 
fact  I  have  adopted  this  method  all  tlirough  the  book ;  for  I  do 
not  think  it  is  enough  merely  to  illustrate  the  tool ;  the  mechanic 
is  also  intere^sted  in  the  manner  in  which  it  should  be  made  and 
how  the  desired  results  may  be  accomplished. 

THE  MAKING  AND  USE  OF  SIMPLE  DIES. 

I  will  first  show  and  describe  a  number  of  dies  that  Jire  in- 
valuable for  use  in  the  average  machine-shop,  especially  the  job- 
bing tool -shop.  The  dies  shown  are  the  most  simple  and  inex- 
pensive of  their  class  for  work  of  the  kind  shown.  Fig.  43(>  is 
known  best  among  die-makers  as  an  emergency  die — that  is,  a 
l>unch  and  die  for  producing  a  small  number  of  blanks  of  a  given 
shape  and  size,  of  which  the  blank  X  is  an  example. 

The  die  A  consists  of  a  j)ieee  of  ^^-inch  flat  tool  steel,  planed 

and  fitted  to  the  bolster,  with  the  shax>e  of  the  blank  worked  out 

at  B  B.     In  dies  of  this  kind,  when  only  a  small  quantity  of 

871 
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blanks  are  to  be  punched,  the  clearance  or  taper  of  the  die  from 
the  cutting-edge  is  considerable,  as  the  more  clearance  given  the 
less  work  and  skill  required  to  finish,  allowing  the  blank  just  to 
fit  at  the  cutting-edge.  This  die  is  hardened  and  drawn.  For 
the  punch  a  cast-iron  holder  C  is  turned  and  finished  and  faced 
flat  and  smooth  on  the  front.  The  punch  D  consists  simply  of 
a  piece  of  ^-incli  flat  tool  steel  worked  out  and  sheared  through 
the  die  and  left  soft.  It  is  then  hard-soldered  to  the  face  of  the 
holder  C  For  punching  blanks  from  thin  sheet  metal  to  the 
number  of  10,000,  this  die  is  all  right.     Although  some  may  say 
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Fig.  436. 

"a  botch  job,''  the  results  will  be  found  to  be  all  that  is  required. 
This  style  of  die  is  used  uuivei-siilly  in  almost  all  of  the  fancy 
sheet  metal  goods  houses,  as  the  number  of  different  shapes,  and 
the  small  quantities  required,  necessitate  the  elimination  of  all 
unnecessary  expense. 

The  die  shown  in  Fig.  437  is  known  ius  a  shearing  or  finish- 
ing die  for  heavy  blanks  and  is  used  for  finishing  work  such  as 
is  often  done  in  the  milling-machine,  or  grinder.  The  blank  Z, 
as  will  be  seen,  is  a  small  handle  j)unelied  from  ^^-inch  mild 
steel.  In  punching  for  heavy  blanks  the  punch  is  always  fitte<l 
very  loosely  to  the  die,  and  the  blank  produced  is  generally  con- 
cave at  the  edges,  and  has  a  ragged  appearance  where  it  has  cut 
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away  from  the  rest  of  the  stock.  To  remove  these  defects  and 
marks,  the  bhuik  is  sheared  through  the  fiuishiug  die,  Fig.  437, 
when  trimming  or  cutting  off  a  shaving  of  stock  all  around,  the 
blank  leaves  it  smooth  and  has  an  appearance  of  having  been 
milled.  In  making  dies  of  this  kind  one  of  the  blanks  that  have 
been  punched  is  taken  and  filed  and  finished  all  around  the  edges, 
removing  about  .003-inch  of  stock  all  around.  The  blank  is  then 
used  as  a  templet  for  finishing  the  die,  letting  it  through  from 
the  back  and  filing  the  die  straight,  with  just  the  slightest  amount 
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of  cloiiranco,  being  sure  to  have  the  blank  a  good  fit  at  the  cut- 
ting-edge. The  inside  of  the  die  is  then  finished  and  polished  as 
smooth  as  possible  at  G  and  then  filed  taper  downward  from  IL 
/is  the  gauge  i)late  which  is  worked  out  and  finished  to  allow 
the  rough  blauk  to  fit  nicely  within  it.  The  plate  is  fastened  to 
the  face  of  tlie  die  by  the  screw  f/and  the  dowels  A",  so  that  the 
blauk  will  rest  on  the  face  of  the  die  /with  an  equal  margin  all 
around  f(u*  trimming.  Great  cai"e  should  betaken  in  adjusting 
tliis  gauge  jihite  to  its  proi>er  position,  iis  the  small  amount  of 
stock  to  be  trimmed  will  not  allow  inuch  leeway.     The  die  is 
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iiiirdeued  and  drawn  to  a  light  straw  color  and  the  face  is  ground 
and  oil-stoned,  leaving  it  as  sharp  as  possible.  The  punch  is 
constructed  in  the  regular  way  and  fastened  within  the  x>ady  as 
shown.  The  punch  is  sheared  through  the  die  and  left  a  snug 
fit  within  it,  after  which  it  is  highly  polished  and  finished  and 
left  soft.  In  use,  the  blank  Z  is  placed  within  the  gauge  plate  J, 
and,  the  punch  descending,  it  is  sheared  into  the  die  at  G,  trim- 
ming and  finishing  it  all  around,  and,  if  the  die  has  been  i)ol- 
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ished,  leaving  a  nice  smooth  finish,  producing  as  good  a  job  as 
could  Ik>  done  more  expensively  in  a  miller.  A  large  nimiber  of 
dift'erent  small  pieces  in  demand  in  the  avenige  machine-shop, 
when  the  quantity  permits,  could  be  finished  at  a  greatly  reduced 
expense  by  this  means. 

When  a  nice  polish  or  finish  is  desired  on  the  work  the  blank 
is  forced  through  a  second  die,  which  is  relatively  the  same  iisthe 
one  shown  in  Fig.  437,  except  that  it  tapers  slightly  from  the 
cutting-edge,  l)eing  about  .002  inch  smaller  at  the  back  than  at 
(he  cutting-edge.  This  die  is  also  highly  polished  and  finished, 
and  left  very  hard.  By  being  forced  through  the  die,  the  metal 
around  the  edge  is  slightly  compressed,  and  polished  by  the  fric- 
tion. I  have  S(H^n  blanks  treated  in  this  manner  that  had  all  the 
appearance  of  having  b<^en  jiolished  or  buffed.  This  die  is 
known  lus  a  burnishing  die,  and  is  excellent  for  quick  and  cheap 
production. 

The  punch  and  die  shown  in  Fig.  438,  although  of  the  simplest 
design,  form  a  great  tool  for  accomplishing  by  inexi)ensive  means 
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results  that  geuerally  involve  considerable  time  and  cost.  The 
die  shown  is  for  finishing  square  holes  after  the  first  operation, 
and  Y  the  appearance  after  being  finished.  Of  course  they  could 
be  finished  by  broaching,  but  the  punch  shown  is  the  better 
method.  After  the  holes  have  been  blanked  they  are  ragged  and 
uneven  at  the  edges.  They  are  also  left  undersize  about  .003 
inch. 

The  punch  S  is  first  finished  on  the  miller  to  a  perfect  square 
of  the  size  required — that  is,  .003  larger  than  the  blanked  hole. 
After  being  polished,  the  face  is  finished  dead  square  and  the 
edges  are  left  sharp.  The  punch  is  then  hardened  and  slightly 
drawn.  The  die  P  is  then  made  and  worked  out  until  the  point 
of  the  punch  can  be  entered,  and  then,  using  it  as  a  broach,  forc- 
ing it  into  and  through  the  die,  leaving  it  an  exact  duplicate  of 
its  shape.  The  die  is  then  filed  taper  from  the  back,  leaving  it 
straight  about  -^^  inch  from  the  face,  as  shown  at  P.  After  the 
holes  for  the  dowel  and  stripper  screws  are  let  in,  the  die  is  pol- 
ished,  hardened,  and  drawn  slightly.  The  edges  of  the  end  of 
the  punch  S  are  then  ground  and  rounded,  so  as  to  enter  the  hole 
in  the  stock  easily.  The  stripper  Q  consists  of  a  piece  of  i-inch 
flat  machine  steel  with  a  channel  milled  down  through  the  centre, 
in  depth  and  width  sufficient  to  allow  the  strip  of  steel  within 
which  the  holes  are  punched  to  pass  through  it  freely  without 
side  play.  A  small  pin  projecting  above  the  face  of  the  die  P 
at  the  left  side  aet.s  as  a  gauge  for  locating  the  holes  true  with 
the  die.  The  i)nnch  and  the  die  being  set  up,  the  strip  is  in- 
serted within  the  gauge  or  stripper  plate  Q  with  the  first  hole 
under  the  j)unch.  The  punch,  descending  and  entering  the  hole, 
gradually  compresses  the  metal  and  finishes  it,  leaving  a  dead 
square  hole  with  a  nice  smooth  finish  on  all  sides.  The  punch 
shown  should  enter  the  work  for  a  full  inch  of  its  length.  This 
style  of  die  e^n  be  used  for  finishing  a  large  variety  of  differ- 
ent shaped  holes  in  heavy  iron  or  mild  steel,  where  they  are 
all  required  to  be  of  the  same  size  and  shape;  also  leaving 
a  finish  that  it  would  be  impractical  to  accomplish  by  other 
means. 
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PUNCHING  BRASS  CLOCK  GEARS-.MOVABLB   STEIP- 

PING  DEVICES. 

The  gear  shown  iu  Fig.  441  was  produced  complete  from 
i-inch-thick  sheet  brass.  Holes  were  required  to  be  punched  at 
A,  B  and  C,  five  sections  D  cut  away,  the  centre  hole  pnnched, 
and  the  teeth  cut.  The  gear  was  required  to  be  perfectly  true 
with  the  centre  hole  and  to  balance  evenly. 

A  cross-section  of  the  punch  and  die  is  shown  in  Fig.  442, 
with  a  plan  of  the  die  in  Fig.  443.  Three  successive  operations 
produce  the  gear.     The  three  holes  A,  B  and  C  and  the  lai^ 


Fig.  441. 

centre  hole  are  pierced  in  the  dies  at  the  first  stroke,  the  sections 
D  are  j)unohed  out  at  the  second,  and  at  the  third  stroke  a  fin- 
ished p»iir  is  cut  out.  Hardened  and  ground  bushings  are  used 
for  the  (lies  h,  d  and  rn  to  allow  of  easy  repairing. 

It  is  in  the  die  X  A" that  unusual  conditions  are  met.  This 
die,  us(m1  for  punching  the  secth)ns  7),  is  made  in  two  partes,  al- 
thou*;h  this  miglit  not  appear  necessiiry  to  some.  The  work  t4> 
l>e  done*,  however,  in  this  die  was  of  such  a  character  that  satis- 
fiictory  n^sults  would  havc^  In^en  impossible  with  a  solid  die. 

The  ^^spidiT  "  used  in  this  die  is  shown  as  located  and  fastened 
in  position  in  Fig.  44.S,  and  in  detail  in  Fig.  444.  As  shown, 
there  are  five  arms  Z  and  a  hole  at  Y,     The  outside  of  the  wings 
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are  turued  taper,  large  at  the  back  uud  smaller  ut  the  cutting 
face.  The  spiUerwoRleft  large  all  ovt^r  atidhiirdeiieiliiiK]  druwii 
to  alight  straw.     It  was  then  thiicked  and  the  hole  F  was  lapped 


to  the  size  of  the  hole  in  the  gear,  after  which  the  Bplder  was 
forced  on  a  maudrel  and  ground  all  over  to  size,  which  was,  to 
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say  the  least,  a  very  uit'c  job.  Tlie  portioL  A' A' in  the  die  plate 
was  bored  taper,  and  five  shallow  channels  A' were  cut  iuto  its 
walls,  as  locating  seals  for  the  wings  Z  of  the  spider. 

The  blanking  die  W,  hi  which  the  gear  teeth  are  ent  and  the 
iiiii»^hed  piece  is  prodnced,  was  finished  by  reversing  the  usual 
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method ;  tliat  is,  instead  of  shearing  the  ptmch  tliTongh  the  die 
the  die  was  broached  by  the  punch.  As  will  be  seen  iu  Fig.  442, 
this  puDch  is  fiuished  with  a  stem  J"  to  fit  a  hole  in  the  mactune- 
steel  holder  E  aud  has  a  hole  straight  throngb  it  for  the  pilot 
pin  N.  The  teeth  in  the  punch  were  milled  and  finished  iu  the 
same  manner  as  a  gear  would  be,  getting  as  smooth  a  finish  as 
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possible.  The  punch  was  hardened  and  drawn  slightly,  after 
which  the  fa«e  was  ground  and  stoned  keen.  Tbe  die  W  was 
then  finished  by  using  tbe  punch  as  a  broach.  The  die  plate  F 
was  hardened  and  ground.  Then  tbe  punch  L  was  re-annealed 
and  sheared  into  and  through  the  die.  Thus  a  perfect  fit  was 
attainod.     The  punch  was  left  soft. 

Tlie  centre  piercing  punch  T  is  in  one  piece  and  is  let  into  a 
countftilwrcd  seat  J  iu  the  holder.  Tlie  other  tlireo  piercing 
punches  for  the  holes  A,  li  and  C,  Fij;.  441,  are  of  drill  rod,  and 
arc?  lociited  iu  strong  8iipi)lnmeutiiry  holders,  as  shown  at  B,  8 
and  A' 

The  i>uucli  (or  ])nnchcs)  fi>r  cutting  the  sections  J)  hi  Fig. 
441  is  shown  ut  (^  Q  in  Fig.  442,  and  a  plan  or  fjure  view  of  it  iu 
Fig.  44."(,  P  i.s  tin-  pihit  pin.  The  jjunchcs  Q  form  parts  of  the 
solid  ]>icce  0  and  were  not  hardened;  an  if  they  had  been  the 
rcsnltiiig  distortion  would  have  made  a  fit  within  tbe  die  XX 
and  llu-  s]>i<lci'  Z  iuiiwssible.  As  it  was,  by  slienring  tbe  sections 
Q  into  tlic  die  and  leaving  them  soft,  no  difiiculty  was  expe- 
ricncwl  getting  a  close  fit  at  all  points. 

The  only  part  retiuiring  further  description  is  the  stripper, 
which  is  of  unusual  construction.     As  shown  in  Fig.  442  it  is 
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located  on  the  punch,  or  "male  "  die.  It  comprises  a  flat  mild- 
steel  plate  T,  fitting  around  the  punches  proper,  two  blocks  of 
hard-spring  rubber  U  U,  one  located  between  the  stripping- 
plate  and  the  punch-holder  face  at  each  end,  and  four  studs  of 
the  usual  construction,  not  shown.  One  of  these  studs  is  located 
at  each  of  the  four  corners,  with  the  heads  let  into  counterbored 
holes  in  the  back  of  the  holder  and  the  ends  screwed  into  the 
at  ripping-plate.  No  other  springs  were  required,  as  the  rubber 
blocks  answered  for  that  purpose. 

SPRING  STRIPPERS. 

Although  a  great  many  die-makers  claim  that  spring  stripi)ers 
located  on  the  punch  should  not  be  used  where  a  stationary  strip - 
l)er  can  be  located  on  a  die,  still  there  is  a  large  variety  of  work 
for  the  production  of  which  a  movable  stripper  must  be  used  if 
accurate  results  are  to  be  obtained. 

It  is  well  known  that  punching  or  perforating  dies  having 
stationary  strippers  will  distort  the  plates  or  articles  punched  by 
them,  and  often  to  such  an  extent  as  to  require  subsequent 
straightening.  Thus,  where  acciu'ate  parts,  such  as  are  used  for 
clocks,  electric  instruments,  etc.,  are  produced  in  gang  dies,  the 
distortion  of  the  metal  as  it  is  worked  upon  by  the  various 
punches,  will,  when  stationary  strippers  are  used,  prevent  the 
production  of  satisfactory  work.  On  the  other  hand,  where 
movable  strippei-s  (any  of  the  various  types  I  mean,  and  not 
merely  the  one  shown  here)  are  used,  a  clear  space  is  left  be- 
tween the  punches  and  dies,  enabling  the  operator  to  manipulate 
and  observe  his  work-  quickly  and  jiccurately.  The  stripper 
comes  down  on  the  strip  first,  straightening  and  clamping  it 
l)ef<)re  the  punches  enter,  while  the  pilot  pins  locate  the  various 
operations  positively.  The  metal  is  held  under  pressure  while 
the  punching  and  stripping  are  being  done,  and  by  this  means 
the  work  conies  out  perfectly  straight  and  true.  Where  a  num- 
ber of  small  perforating  punches  are  i-equired,  they  may  be  made, 
with  the  use  of  the  movable  stripper,  much  shorter  than  a  station- 
ary stripper  would  permit.  At  the  same  time  a  smaller  hole,  in 
proportion  to  the  thickness  of  the  stock,  may  be  pierced  because 
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of  tlie  clo8e  support  whicb  the  movable  stripper  (when  well 
fitted)  frives  to  the  punches  up  to  the  point  where  tiiey  enter 
the  stock. 

PUNCH    AND    DIE    FOE    BSD    FINISHIKG,      CUTTING 

OPP  AND   BENDING   SHEET  METAL  FBOM  THE 

STRIP  WITHOUT  WASTE. 

Up  at  the  left  in  Fig.  -146  is  shown,  somewhat  enlatfiied,  the 
piece  made  by  the  punch  and  die  (Figs.  446  and  147).    These 


arlicW's  ;\w  iniiiiiifjictun'ii  h\  \\w  million  iiml  aro  used  as  protec- 
tive seiUs  for  HOoiU'ii  boxi-s  and  ciUH-s,  tlicir  ii.sc  preventing  the 
usual  l<)ss  from  Ihefl  while  Oiises  of  {(utHls  au'  in  transit.  Tliey 
Wfiir  iiiiMliucd  ill  one  ojH'nit ion,  witlioni  hjisIc.  fi-oni  jV-iuch- 
Ihiek  oiikl-roUi'd  stock  of  Ihe  requiitnl  wiillh;  and  tlie  efTieieuoy 


INTERCHANGEABLE  MANVFACTVRING. 


381 


of  the  die  caa  be  appreciated  from  the  fact  that  it  produced 
215,000  of  the  articles  shown  withotit  grinding. 

Fig.  446  is  a  plan  of  the  punch,  a  side  view  of  both  punch 
and  die,  and  a  plan  of  the  die  without  the  stripping  arrange- 
ments; while  Fig.  447  is  an  end  view  of  the  tools,  with  the 
stripper  and  the  inclined  fork  for  operating  it  in  position.    The 


punch  consists  of  the  usual  oast-iron  holder  and  tool-ateel  punch. 
The  punch  is  tiuished  at  one  end  to  act  as  the  cutting-oflf  and 
eiid-finiflUiug  puucb,  and  in  the  centre  as  the  bending  die,  the 
half-circular  groove  in  the  top  being  let  in  for  the  clearance  for 
tlic  stripper  pin  (se*-  Fig,  447).  The  punch  is  hardened  and 
drawn  to  a  daik  straw  temper. 

Tlu^  die  consists  of  a  flat  cast-iron  bolster  into  which  the  cnt- 
ting  (iff  and  end-finisliing  die  and  the  bending  punch  are  lorated 
ill  dnvctailed  channels  and  fastened  by  flat-head  screws  let  iu 
from  the  bottom  of  the  bolster.     The  adjustable  stop  plate  also 
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is  fastened  to  the  bolster.  The  8tripi)er  and  gauge  combined 
consists  of  a  i)iece  of  i-iiich  stock  with  a  channel  cut  down 
through  one  side  wide  enough  to  allow  the  stock  to  be  fed 
through  it  easily,  but  without  side  play.  It  is  fastened  to  the 
face  of  the  cutting-off  die  by  four  round-head  screws,  as  shown 
in  the  plan.  As  shown  in  the  section  of  the  die,  the  bending 
punch  has  a  half-round  groove  let  into  the  face  to  correspond 
with  the  other  half  in  the  bending-die  portion  of  the  cutting-oflf 
punch.  The  euttiug-olT  die  and  the  bending  punch  are  hardened 
and  drawn  to  a  light  straw,  after  which  the  sides  of  the  bending 
punch  are  eased  off  a  bit  toward  the  bottom,  so  that  the  metal, 
when  bent,  will  cling  to  it  instead  of  to  the  bending  portion  of 
the  cutting-ofF  punch. 

The  stripping  arrangements,  as  shown  in  Fig.  447,  consists  of 
the  following  parts:  The  stripi>er  proi>er  is  a  round  stud  let  into 
a  small  casting  located  in  the  dovetailed  channel  £or  the  bending 
punch  in  the  bolster.  This  stud  has  a  pin  let  through  the  back 
end  to  prevent  it  from  springing  out  too  far,  when  the  punch  is 
up,  by  the  action  of  the  spring  at  the  back.  A  stronger  pin  is 
let  through  the  enlargtHl  portion  or  collar  of  the  stud,  so  that  the 
inclined  fork,  which  is  lasteuiHl  to  the  back  of  the  punch-holder, 
will,  while  dese(*uding,  move  the  stripping-stud  back  and  off  the 
face  of  the  beiuliug  jinucli. 

When  the  (li<^  is  in  use,  a  strip  of  metal  is  entered  beneath  the 
gauge  plate  and  is  allowed  to  i^roji^ct  a  slight  distance  beyond  the 


Fkj.  448. 


cutting  die.  The  press  is  stei)ped  and  the  end  of  the  stock  is 
trimmed  and  finished  lo  the  shape  shown  in  the  plan  of  the  die. 
The  stock  is  then  moved  forward  against  the  stop,  and,  as  the 
punch  descends,  the  piece  is  cut  off  and  l>ent  over  the  l>ending 
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punch,  the  cutting  punch  descending  about  f  inch  below  the  cut- 
ting-edge of  the  die.  As  the  punch  ascends,  the  inclined  fork 
releases  the  stripping-stud  which  springs  outward  and  throws  the 
finished  piece  off  the  bending  punch  and  into  a  box  at  the  front 
of  the  press.  The  parts  are  thus  produced  without  waste  and  as 
rapidly  as  the  stock  can  be  fed.  At  first  strips  of  metal  were 
used  in  the  die,  but  after  a  short  time  rolls  of  the  required  width 
with  200  feet  of  stock  in  each  were  used.  They  were  placed  on 
a  reel  at  the  left  of  the  press  and  the  stock  was  fed  automatic- 
ally, through  a  pair  of  straightening  rolls. 

TWO  DIES  FOR  METAL  BOX-CORNER  FASTENERS. 

The  article  shown  in  Fig.  448  is  a  sheet-metal  trunk  corner. 
These  corners  ai^e  made  fiat,  and  are  intended  to  be  bent  at  right 
angles  after  one  end  is  nailed  on  to  the  trunk.  The  notches  on 
the  sides  serve  as  guides  for  nailing  the  corner  in  the  proi)er 
position,  and  they  also  facilitate  the  bending.  The  corner  is  so 
made  that  the  edges  bind  the  wood  closely  when  nailed  on,  thus 
making  a  very  rigid  cc^rner. 

Two  operations  are  necessarj\  The  first,  that  of  notching  and 
cutting  off  the  blanks,  is  done  by  the  punch  and  die  shown  in 
Fig.  449,  showing  a  section  of  the  punch  and  die  and  a  plan  of 
the  die.  There  are  three  punches  fastened  in  a  machine-steel  pad, 
which  is  in  turn  fastened  to  the  face  of  the  holder  by  six  flat-head 
screws.  The  end-notching  and  cutting-off"  punch  is  at  the  right, 
and  is  about  /y  inch  shorter  than  the  centre  notching  i>unch  at 
the  left.  Tliis  is  so  that  the  centre  notching  will  have  been  ac- 
complished iH^foi-e  the  blank  is  cut  oft*. 

The  die  is  made  in  the  regular  way,  with  two  short  gauge 
plates  at  the  right  end,  and  with  the  stripper  extending  entirely 
across  the  face  of  the  die.  Wlien  the  blank  is  cut  off  it  drops 
off  at  the  back,  as  the  press  is  inclined  and  there  is  no  gauge 
plate  to  hinder  it. 

For  the  finishing  operation — that  of  drawing  and  forming  the 
six  rais<^d  spots  and  perforating  them  in  the  centre— the  punch 
and  die,  Fig.  450,  are  used.  The  punch  is  in  a  dovetailed 
channel  in  the  holder  and  fastened  to  the  bolster  by  two  flat 
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screws  let  in  through  the  bottom.  The  dies  proper  are  six  tool- 
steel  bushings,  finished  on  the  face  with  a  forming  tool  to  the 
shax)e  required,  and  a  small  hole  let  down  through  the  centre. 
They  are  hardened  and  forced  into  counterbored  holes  in  the  die 
plate.     The  die  plate  is  beveled  at  the  edges  to  correspond  with 
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FIG.  449. 


the  punch  2X  F  F,  The  die  plate  is  left  soft  and  the  punch  is 
liardened.  The  drawing-punch  Si»ctions  are  at  E  E  E  E,  and  are 
finished  as  shown  in  the  face  of  the  puncli.  The  piuges  for 
loc^ating  the  work  upon  the  die  are  tliree  in  nunilxM-,  and  are 
located  as  shown  at  G  G  G,  Tiie  pn\ss  in  which  the  tools  are 
useil  is  inclined  and  the  blank  is  placed  on  the  die  with  two 
sides  against  the  gauges  G  G  G.  After  the  punch  has  de- 
scended and  returned,  the  finished  work  remains  sticking  to 
the  die,  from  which  it  is  thrown  off  by  the  operator  by  his  en- 
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teriug  a  thin  fork  under  the  front  right-hand  end  and  snapping 
the  piece  off. 

Both  the  dies  shown  and  described  herein  were  osed  in  asheet- 
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metitl  establishment  in  which  rapid  and  econotDio  prodnctiou  ia 
al)solutely  ueeessarj-iu  order  fortlieir  products  to  sell  at  a  profit. 

PIERCIXO    AND   SPHEADING  DIE  FOE   BOX    STRAPS. 

At  Fig.  451  is  the  outline  of  a  portion  of  sheet-metal  box 

stiiip  used  for  binding  the  edges  of  wooden  boxes.     These  straps 

lire  prodntwd  in  coils  of  from  5,000  to  6,000  feet,  with  slota 


pierced  2i  inches  apart  along  the  entire  length.     These  slots  are 
Urst  punched  ^nd  then  spread  to  make  openings  for  the  nails. 
Tbe  spreading  of  the  slots  makes  the  opening  large  enough  for 
25 
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the  nails  and  does  away  with  the  liability  of  the  strap  breaking 
ont  at  the  eyes  vheo  the  nails  are  driven  into  the  wood.  The 
material  is  -^  inch  wide  and  0.032  inch  thick. 

The  pnnch  and  die  nsed  to  produce  these  straps  are  shown  in 
Fig.'?.  452,  453,  with  a  plan  view  of  the  pnnch  above  in  Fi^;.  462. 
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These  tools  show  how  very  frail  pnncbes  may  ba  used.  The 
capacity  of  this  die  is  30,000  fvet  of  stock  a  day,  fed  automatic- 
ally. 

The  punch  consists  of  the  stem  of  cast  iron;  the  two  punch- 
holders  C C  of  machine  steel;  tlie  clamping  jilates  G  G  of  the 
same;  the  piercing  punch  ^  and  the  spreading  punch  ^;  eight 
screws  for  fastening  the  clamjiiiig  plates  and  two  cap  screws  for 
fastening  tbe  holders  to  the  stem.  The  puucb-bolders  arc  located 
in  square  milled  cbaunels  F Fin  the  face  of  the  stem,  and  are 
fiisteiied  iu  position  by  Ibc  screws  I).  The  punches  are  of  nni- 
fonn  section  and  double  ended,  and  are  located  in  seats  iu  tbe 
holders  and  clamping  plates.  The  faces  are  sheared  so  that  two 
points  will  enter  the  .-itock  first  and  thus  the  holes  will  be  pierced 
progressively.  The  spreading  puueli  A  is  bevelled  and  rounded 
at  the  face,  so  na  to  sitrcad  the  stock  gradually.     These  punches 
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are  hardened  in  oil  between  flat  plates  and  are  drawn  to  a  blue. 
They  last  a  very  long  time,  as  they  can  be  used  from  either  end 
and  ground  until  only  a  short  section  remains  in  the  holder.  By 
shearing  the  cutting  faces  of  the  piercing  punch  the  clamping  lid 
G  holds  it  tightly ;  it  is  surprising  how  easily  the  stock  is  pierced. 
The  construction  of  the  die  is  of  a  rather  novel  character,  and 
after  numerous  exi)eriments  it  was  found  to  be  the  best.  It  con- 
sists of  the  usual  cast-iron  bolster,  with  two  dovetailed  channels 
let  into  the  face  for  the  dies,  the  dies  H  H  and  I  J,  screws  for 


FIO.458. 

locating,  adjusting,  and  fastening  them,  the  stripper  and  gauges, 
which  are  combined  in  one  plate,  and  the  screws  and  dowels  for 
locating  and  fastening  it  to  the  face  of  the  bolster. 

The  piercing  dies  fit  tightly  in  the  dovetailed  channel  at  the 
right.  They  have  slots  as  clearance  for  the  fastening  screws  and 
to  allow  of  adjustment.  Pieces  of  ^-inch  flat  steel  at  each  end 
of  the  channel  serve  as  brackets  for  the  adjusting  set-screws 
K  K.  This  way  of  making  the  piercing  die  allows  of  the  faces 
being  ground  when  dull  with  very  little  trouble,  and  insures  its 
long  life.  The  spreading  die  is  in  one  piece  and  is  fastened  and 
located  within  the  channel  J  by  the  two  flat-head  screws.  In  the 
true  sense  of  the  word  it  is  not  a  die,  but  instead  a  support  for 
the  spreading  punch  A.  The  stripper  and  gauges,  in  one  piece, 
are  machined  from  a  piece  of  |-inch-thick  machine  steel,  with  a 
narrow  channel  milled  down  along  one  side  as  a  gauge  for  the 
stock,  and  widened  at  the  left-hand  end  as  clearance  for  the  stock 
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after  the  pierced  hole  has  beeu  spread.  The  hole  in  the  stripper 
for  the  punches  is  a  tight  (it,  this  being  neepSBary  because  of  the 
frailuess  of  the  punches;  the  stripper  is  hettvy  for  the  same 
reason,  as,  in  order  to  accomplish  good  results  and  to  insure  the 
longevity  of  the  punches,  they  must  never  entirely  leave  the 
stripper. 

^Vheu  in  use  the  metal  is  fed  from  a  reel  at  the  right  aud 
wound  up  !>gaiu  on  »  reel  at  the  left,  the  press  ranutng  contin- 
uously for  two  hours  without  any  attendance.  There  is  a  lat^ 
variety  of  pierced  work  which  could  be  pmduced  at  the  niiuimum 
of  cost  by  dies  of  this  coustmclion. 

^Uf   IMPRO^TID   PIERCING   IHK 
Pig,  454  shows  an  improved  piercing  (He,  u.sc<]  in  the  samo 
establisliments  for  piercing  holes  in  100-foot  lengths  of  dat  cold- 
rolled  stock,   I  inch  wide  by  ^'j  inch  thick,  feeding  the  stock 


antomatically  as  desi-ribt-d  tor  Ihe  lii-st  die.     The  holes  pierced 
were  No.  24  gauge,  5^  inches  iipart. 

The  punch  pad  has  holes  bored  and  threaded  for  the  two 
punch -holders.  These,  holders  are  turned  from  IJ-inch  round 
stock,  with  holes  for  the  Stubstcel  punches.  They  are  flat  milled 
on  two  sides  for  a  wrench.  The  backs  of  tlie  punches  are  enlarged 
and  tapped  for  the  adjusting  or  butt  screws  MM.  When  the 
punches  l)ecanie  short  through  grinding,  a  piece   of  the  same 
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stock  is  placed  between  them  and  the  faces  of  the  butt  screws. 
The  punches  are  fastened  by  the  set  screws  N  N  and  the  semi- 
circular faced  plugs  O  O,  thus  doing  away  with  the  notching  or 
flattening  of  one  side  of  the  punches  and  allowing  of  using  them 
for  a  greater  portion  of  their  length. 

The  die  is  composed  of  the  bolster,  the  two  piercing  die8> 
lapped  and  ground  to  size  and  forced  into  counterbored  holes  in 
the  face  of  the  bolster;  the  stripping  plate  and  gauges,  all  in 
one ;  the  two  punch  bushings  P  P  lapped  to  a  tight  fit  for  the 
punches,  and  the  t^crews  Q  Q  and  dowels  B  B  for  fastening  and 
locating  the  stripper  plate  to  the  face  of  the  bolster,  as  shown. 


GANG  DIE  FOR  BOX-LID  FASTENING  PLATES. 

The  engraving  (Fig.  455)  shows  a  fastening  plate  used  for 
hasps  for  fruit  crates  and  box  lids,  and  Figs.  456,  457  show  the 


Fig.  455. 


punch  and  die  for  its  production.     The  article  has  three  holes 
pierced  in  it,  a  portion  of  the  centre  drawn  and  formed,  and  the 
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ends  trimmed  to  a  curve.     The  stock  used  was  cold-rolled  sheet 
metal,  and  the  punch  and  die  were  of  the  "gang''  type. 

In  the  punch  A  is  the  stem  or  bolster,  J  the  punch  pad,  B  B 
the  two  small  piercing  punchCvS,  C  the  large  piercing  punch,  D 
the  drawing  and  forming  punch,  E  the  trimming  and  cutting-oflf 


390 


TOOL-MAKIXG   AND 


puuch,  which  trims  a»d  cuts  off  at  /'  and  G  respectively,  aud  ff 
the  six  flat-head  screws  for  fastening  the  puDchpad  to  the  holder. 

In  the  die  J  J  ate  the  small  iiiercing  dies,  Jfthe  large  one,  L 
the  drawing  and  forming  die,  M  and  if  the  cntting  off  and  trim- 
ming die,  and  the  remaining  parts  the  stripper  and  gauge  plate. 
The  die  plate  was  hardened  aud  drawn  to  a  light  straw.  The 
punches,  except  tJie  forming  and  drawing  puuch,  were  hardened 
and  drawn  to  a  dark  t>hic,  the  drawing  pimch  was  hardened  aud 
drawn  from  the  back,  getting  the  back  soft  and  leaving  thedraw- 
ing  face  \'ery  hard. 

The  stock  is  fed  to  the  die  from  left  to  right  automatically, 
the  holes  being  pierced  first,  tUeu  the  formed  and  raised  portion 


drawn,  and,  lastly,  the  finished  plate  cut  off  and  the  front  end  of 
the  nest  piece  trimmed  The  drawing  punch  is  left  the  short- 
est; this  being  done  so  that  the  piercing  punches  w^\i  have 
pierced  the  stock  and  the  hnisbed  piece  ha\e  Ijeen  tut  off  before 
the  raised  portion  of  the  next  piece  is  produced ;  Uius  there  is  no 
shifting  of  Ihe  metal  while  the  different  operations  are  being  a*"- 
eomplished.  Tlie  metal  used  for  Ihe  fasteners  came  in  rolls  of 
the  required  width.  It  i.'^  straightened  somewhat  by  the  rollers 
of  the  automatic  feed  and  flattened  by  the  flat  portion  of  the 
drawing  punch. 
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L;UtGE  DRAWING   DIES  FOR   CIRCULAR,  SHELLS. 

The  Figs.  458  and  459  sbow  a  collection  of  large  drawing  and 
re-di-awiug  dies  for  prodncing  from  flat  blanks  large  circular 
shells.  These  dies  were  made  in  the  works  of  the  E.  W.  Blias 
Company,  and  formed  part  of  au  oi'der  of  presses  and  dies  for  a 
sheet -metal -goods  concern  in  Europe.  They  were  made  to  metri- 
cal dimensions,  the  diameters  ranging  from  290  to  600  millime- 
tres or,  say,  from  11.4  to  23.6  inches,  the  largest  set  at  the  left 
and  tho  smallest  at  the  right.  Each  set  consists  of  a  drawing 
punch,  a  drawing  die,  and  a  blank-holder.  Drawing  dies  of  thia 
type  differ  from  those  used  for  small  work  in  that  they  draw  the 
articles  from  blanks  previously  cut,  insteiid  of  being  provided 
with  cntting-edges  which  punch  the  blank  at  the  same  stroke. 
The  outer  edges  of  tlie  drawing  dies  are  turned  to  the  same 
diameter  as  the  blank  to  be  drawn,  and  the  operator  loeatcA  the 
blank  by  simply  laying  it  on  the  face  of  the  die  and  locatJng  the 
edges  with  his  Angers.  Very  often,  however,  shells  of  different 
heights  are  produced  in  the  odb  die.  This  of  course  requires 
blanks  of  different  sizes  and  gauge  plates  to  loe^ite  them  true  on 
the  die.     Dies  of  this  type  are  made  to  produce  large  shells  of 


any  style  or  shupi',  and  draw  the  article  at  one  or  more  opera- 
tions, according  to  the  shape  and  depth  to  be  obtaiTied.  In  work 
of  considerable  taper,  such  as  large  flared  pans  of  Ihin  stock,  two 
or  more  blanks  may  be  drawn  at  the  same  stroke  of  the  press. 
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Fig.  458  shows  seven  seta  of  drawing  dies  with  inside  blank- 
boldenh  As  shown  here,  they  are  used  for  re-drawing  shellB 
which  have  been  fii'st  druwn  in  dies  having  outside  hlank-holdem, 


like  the  dies  shown  iu  Fig.  459.     The  inside  blank-holder  holds 
the  partly  finished  articles  at  its  lower  bevelled  edges  between 


the  bevelled  edge  of  the  punch  and  the  bevelled  scat  in  the  die, 

while  the  punch  dniws it  into  a dwpershiipe of  i-cdiieed  diameter. 

These  drawing  and  re-dniwing  dies  are  mostly  made  of  a  spe- 


INTERCHANGEABLE  MANUFA  CTVBING. 


393 


cial  grade  of  cast  iron,  treated  in  such  a  manner  as  to  give  a  verj^ 
dense  and  uniform  texture  to  the  metal  at  the  working  surfac^es. 
To  do  very  accurate  work,  however,  steel  rings  are  set  into  the 
dies,  and  the  blank -holdei's  are  made  of  steel  castings,  which  adds 
considerably  to  the  durability  of  the  tools.  For  shells  which 
have  to  be  finished  to  very  accurate  diameters  hard  steel  "siz- 
ing ''  punches  and  dies  should  be  used  after  the  last  re-drawing 
operation. 


THE  DRAWING  OF  DEEP  SHELLS  FKOM  SHEET 

METAL. 

The  manufacture  of  deep  sheet- metal  shells,  of  small  diameter, 
has  progressed  constantly,  and  to-day  results  are  attained  which 
a  few  years  ago  were  only  thought  of  as  remote  possibilities. 


af"  HIGH— 4|^  DIAMETER 


^[J*— 3^  HIGH  —  4  OIAM. 


5 j' HIGH  —  3|-  DIAM. 


6^  HIGH af  DIAM. 


7", 


8    HIGH — 2|-   DIAM. 


10|-'hiQH — 2y  DIAM. 


13    HIGH  —  25-  OIAM. 


16"  HIGH — 2"  DIAM. 


FIG.  461. 

The  operation  of  drawing  sheet-metal  shells  has  really  changed 
but  little ;  the  same  means,  with  slight  modifications,  being  used 
at  the  present  time  for  the  production  of  deep  shells  of  small 
diameters  which  formerly  were  thought  practical  only  for  pro- 
ducing shells  of  shallow  depths  and  large  diameters.  The 
presses,  in  which  drawing  dies  are  used,  have  been  built  larger 
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and  stronger,  and  witli  a  greatly  increased  length  of  stroke, 
wliitc  the  dies  have  been  simply  modified  for  a  wider  range  of 
work. 

As  an  illastration  of  what  is  being  accomplished  in  the  draw- 
ing of  sheet  metal  we  show  in  Fig.  461  the  sncoessive  results  of 
the  eight  operations  required  to  draw  a  shell  copper  -^  inch 
thick,  16  inches  deep  by  2  inches  in  diameter.  Two  of  the  shells 
are  assembled  and  shown  at  the  bottom.  They  are  used  as  parts 
of  a  patented  mineral-water  cooling  apparatns. 

The  blank  required  for  this  shell  was  8  inches  in  diameter, 
and  the  thickness  of  the  stock  decreased  from  -^  at  the  start  to 
^  at  the  finish.     The  die  used  for  the  cutting  and  first  drawing 


operation  is  sliown  in  Fig.  460,  iiiid  is  of  tlie  doiiblo-iwting  type. 
In  the  punch  the  cnltinn  and  blank-holder  psirt  is  a  forging  of 
wron{;lit  iron  with  a  tool-atei'l  ring  welded  on  iLi  .ilinwn  for  the 
cutting  portion.  The  projeetion  J!  in  for  locating  it  true  on  the 
outer  slide  of  the  press.     J  '  "awing  punch,  the  stem  of 
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which  is  reduced  as  shown  to  fit  the  inner  slide  or  ram  of  the 
press. 

In  t  he  die,  I>  is  the  cutting-edge,  where  the  blank  is  cut ;  E 
the  face  upon  which  it  is  held  by  the  punch  while  being  drawn, 
J' the  drawing  die,  and  G  the 
knock-out  pad.  This  die  is  set 
up  in  the  press  and  the  metal 
is  fed  to  it  and  blanked  and 
drawn  to  the  shape  shown  in 
the  first  operation  in  Fig.  465. 
The  press  has  a  toggle  move- 
ment which  insures  a  more  per- 
fect "dwell"  of  the  blank- 
holder  slide  than  could  be 
maintained  in  a  cam  drawing 
press,  aud  effects  a  large  saving 
in  friction  and  power.  The  ad- 
justment of  the  drawing-punch 
plunger  is  effected  by  means  of 
a  double- ratchet  device,  which 
is  handy  and  quick  of  opera- 
tion. 

For.  the  seven  re-drawing 
operations  in  the  production  of 
the  shells,  dies  of  the  type 
shown  in  Fig.  462  were  used. 
These  dies  were  of  the  push- 
through  type  and  were  used 
without  the  usual  inside  blank- 
holders,  as  the  small  difference 
in  the  diameter  of  the  redi^wn 
sh(»lls  did  not  require  it.  In- 
stead of  the  shell  being  pushed  

completely  through  these  dies, 

they   were  fed  to  the  top  of 

the  die  by  an  automatic  knock-out  on  the  press  in  which  they 

were  used. 

By  noting  the  difference  in  the  diameters  of  the  re-drawing- 


Blanfci  8  Inches  diameter. 
Fia.463. 
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operations,  Fig.  463,  the  manner  in  which  a  shell  of  small 
diameter  and  gi*eat  height  may  be  drawn  and  the  number  of 
operations  required  will  be  understood.  The  lubricant  used  in 
the  re-drawing  operation  was  lard  oil,  and  there  was  a  decided 
polish  on  all  the  shells  produced.  The  dies  used  for  the  re-draw- 
ing operations  were  made  from  a  special  grade  of  chilled  iron, 
while  the  punches  were  of  tool  steel.  Both  punch  and  die  for 
each  operation  were  highly  polished.  The  die  and  punch  used 
for  the  sizing  or  finishing  operation  were  of  tool  steel,  and  were 
hardened,  ground,  and  lapped  to  the  required  size.  As  will  be 
seen,  the  drawing  of  deep  tubes  of  small  diameters  is  not  such  a 
difficult  accomplishment  as  some  people  imagine ;  all  that  is  nec- 
essary being  the  adoption  of  proper  dies,  their  accurate  construc- 


U 
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tioii,  and  their  use  in  presses  which  have  been  built  si>ecially  for 
such  work.  When  the  difFerenee  in  the  diameters  of  the  re-draw- 
ing operations  exceeds  ^  inch,  inside  blank- holders  must  be  iLsed. 
For  certain  metals  inside  blank -holders,  in  the  re -drawing  dies, 
will  allow  of  the  desired  results  being  accomplished  in  three  or 
four  operations  (through  the  perfect  holding  of  the  metal  while 
drawing  or  re -drawing),  which  would  require  six,  seven,  or  more 
operations  were  dies  julopted  in  which  inside  blank -holdcMS  were 
not  used. 

Fig.  404  shows  the  tools  used.  The  i)unches  are  rtMluced  at 
the  end  and  threaded  to  screw  into  the  holder  in  the  i)ress  ram. 
The  dies  are  shown  beneath  and  punches,  and  the  locating  seats 
in  each  are  shown  plainly.  The  devices  shown  at  the  bottom 
comprise  the  knock-outs  and  other  tools. 
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HOLLOW   CUTTERS   FOB  PUNCHIKG   LEATHER, 
CLOTH,    AND  PAPER. 

■When  woik  is  lo  lie  punthcd  from  leiither,  cloth,  or  paper, 
hollow  cutlers  or  'dmkiug  diei  "  will  be  found  to  give  better 
satisfiictiou  tliau  the  punch  iiid  die  of  the  usual  construction,  aa 
thej  are  clieiii>er  to  make,  and  there 
18  pnctically  iio  limit  to  the  number 
of  pieces  that  can  be  cut  at  one  stroke 
of  the  die  which  may  be  opemted  iu 
the  ordiniry  press,  or  by  Land  with 
the  use  of  the  mallet. 

The  die  is  ma4le  from  stock  rolled 

special!}  for  this  cliissof  work,  and  is 

ueudly   composed   of  Swedish   iron, 

1  ud   up   with  a  good  gi-ade   of  tool 

steel,   IS  shown  m   eross  section   in  Fig.  4(i.'j,   the   steel   being 

laid  ou   the  straight  side   of  the  bar,   and  a  20-degree  bevel 


Fia.46eB.  Fie-iaab. 

edge  given  to  what  is  to  be  the  outaide  of  the  die,     A  templet 
is  made  of    sheet    metal    of    the'  exact   shape    of    the   work 


Fta.  m.  Pto.  W8. 

waiitc<l,  and  this  is  used  by  the  smith  in  welding  up  the  blanks. 
The  accuracy  with  which  forging  is  done  with  these  dies  is  re- 
markable, a  variation  of  y^^  inch  from  the  pattern  being  the 
exception  rather  than  the  rule.  The  cutter,  after  being  welded, 
is  taken  to  the  vise  and  worked  out  ou  the  inside  with  the  file  to 
the  exact  shape  of  the  templet ;  allowance  having  been  made  on 
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it  for  the  slight  amoaut  of  shrinkage  caused  by  the  hardening. 
The  die  is  then  finished  on  the  outside  by  grinding. 

When  the  tool  is  to  be  used  in  a  press  a  handle  will  not  be 
necessary ;  intended  to  be  used  by  hand,  a  handle  is  secured  to 
the  upper  part  of  the  die.  This  handle  is  forged  with  a  project- 
ing lip  shutting  over  on  the  outside  of  the  cutter,  the  weight  of 
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the  blow  being  taken  by  this  shoulder  which  bears  directly  on 
the  upper  part  of  the  cutter.  This  is  secured  in  place  by  rivets, 
and  is  then  taken  to  the  fire  and  brazed  in  the  usual  manner, 
using  borax  as  a  flux  and  soft  brass  solder  for  the  brazing.  This 
operation  is  generally  done  after  the  die  is  ground,  and  before  it 
is  tempered. 

Sometimes  the  die  is  used  in  an  inverted  position,  being  laid 

on  the  i)ress  with  the  cutting-edge  up,  the  work  being  placed  on 

the  same,  and  as  the  gate  of  the  press  descends  the 

material  is  forced  through  the  die.    When  this  method 

is  i)ractised,  the  die  should  be  brazed  to  a  foundation 

plat^,  in  order  that  it  may  be   properly  secured  to 

the  i)ress.     The  handle  or  this  foundation  plate  may 

be  removed,  and  the  die  may  be  repaired  or  worked  over  into 

other  shapes  if  required. 

For  a  surface  to  be  used  for  the  cutting-edge  of  the  die  to 
strike  upon,  there  is  nothing  better  than  a  built-up  block  of  hard, 
seasoned  rock  maple,  set  endwise  of  the  grain.  This  is  made  by 
sawing  up  a  plank  into  pieces  about  4  or  6  inches  long,  gluing 
them  up  into  a  block,  and  then  securing  it  by  bolt  passing 
through  the  whole,  as  shown  in  Fig.  469.  This  will  be  found  to 
give  better  results,  with  less  wear,  if  kept  damp ;  that  is,  a  wet 
cloth  should  be  laid  on  the  block  when  the  same  is  left  at  night. 
The  group  of  cutters  shown  in  Figs.  465-470  illustrate  st^veral 
of  the  many  styles  of  "dinking  dies"  which  are  in  general  use. 
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CHAPTER  XX  VJ. 

The  Making  and  Use  of  Punches  and  Dies  for 
Sheet-Metal  Working. — Continued. 

A  PUNCHING   AND  CUELING  JOB. 

In  Fig.  471  are  shown  the  results  of  successive  operations  in 
the  production  of  a  sheet-metal  part  of  unusual  shape  which 
formed  part  of  a  patented  apparatus. 

The  upper  diagram  in  Fig.  471  shows  the  results  of  the  first 
and  second  operations.     The  holes  in  the  ends  were  punched,  the 
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After  FlnC  and  Second  Oper&tiona 
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ends  were  shaped,  cutting  off  the  piece,  and  twenty-nine  slots 
along  one  side  were  punched. 

The  piercing  of  the  holes,  shaping  the  ends,  and  cutting  off 
the  pieces  were  done  in  the  first  operation  by  the  punch  and  die 
shown  in  Fig.  472.  The  work  in  this  operation  is  all  at  the  ends, 
necessitating  a  punch  and  die  of  different  construction  from  those 
usually  used.  In  the  die  section  the  die  for  piercing  and  that 
for  cutting  off  and  end-shaping  are  dovetailed  into  the  face  of 
the  cast-iron  bolster,  one  at  each  end,  and  secured  by  taper  dowel- 
pins.  The  gauge-plate  extends  along  the  entire  length  of  the 
bolster,  and  is  fastened  to  the  die  faces  with  the  stripper  plates 
by  flat-head  screws.  The  stripi)er  plates  are  made  of  extra  heavy 
stock  and  are  worked  out  so  that  the  punches  are  supported  while 
doing  their  work.      In  the  punch  section  the  construction  is 

similar  to  that  followed  in  the  die  section,  in  that  the  cutting- 
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off  and  end -fi Dishing  punch  is  dovetailed  into  the  holder  and 
located  by  means  of  a  taper  dowel ;  while  the  piercing  punches 
are  let  into  a  pad,  dovetailed  into  the  holder,  and  located  in  the 
same  manner  as  the  cutting-off  punch.     The  piercing  punches 


i 
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wore  made  of  drill  rod,  hardened,  tempci'ed,  and  of  a  length 
sutticicut  to  allow  of  thoir  always  iK'inn  in  the  stripper,  thus  ob- 
viating the  tendency  to  l)eiid  or  snap  off.  The  stock,  which  re- 
(iniifd  no  side  trininiing,  was  I'etl  iuiitws  the  die  faces  iuitoinatic- 
ally.     The  four  holes  wei-c  pieroeil  at  the  left,  and  then  the  last 


cud  of  the  piece  and  the  first  end  of  the  next  piece  shajied,  and 
the  piece  wiis  cut  off  by  the  largo  punch  at  the  i-iglit. 

For  the  second  oiieration,  that  of  piercing  the  twenty-nine 
slots,  a  punch  and  die  iif  intricate  and  accurate  construction 
were  requireti.     In  Fig,  473  are  shown  a  front  elevation  partly 
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in  Bection,  and  a  vertical  cross  section,  respectively.  I  illustrate 
only  the  punch,  ns  the  die  was  almost  identical  in  constiiiction. 
The  pnnch  section  consists  of,  first,  a  cust-iron  bolder  C,  then  a 
supplementary  punch-holder  A,  the  latter  in  two  sections,  the 
twenty-nine  punches  D,  and  a  spring-actuated  stripper  H.  The 
spring  stripper  is  left  off  the  plan  so  that  the  construction  of 
the  other  parts  may  be  more  clearly  understood.  The  manner 
which  the  punches  are  located  and  fastened  is  unusual.  First 
two  pieces  A  of  ^-iucb-thick  annealed  tool  st^el  were  planed  to 
butt  together  sidewise  and  then  dovetailed  into  C.  These  two 
sections  were  then  clamped  together,  and  twenty-nine  slots  were 
milled  into  them,  in  depth  equal  to  half  the  width  of  the  pierc- 
ing punches.  The  manner  in  which  the  punches  were  let  into 
these  slots  and  upset  at  the  back,  the  two  sections  strengthened 
by  dowels  B  B,  and  then  driven  into  the  dovetailed  channel  iij 
the  holder,  will  be  understood,  as  well  as  that  the  milling  of  the 
slots  in  the  sectious  A  A  of  the  pad  was  an  accurate  job.  It  was 
accomplished  by  careful  work  on  the  uui\'ersal  milller.  The 
slots  were  milled  about  .002  inch  smaller  than  the  thickness  of 
the  punches.  The  making  of  the  twenty-nine  punches  was  also 
a  job  requiring  skill  and  care.  The  punches  were  left  over  size 
all  over,  then  hartlened  between  oiled  plates  and  drawn  to  a  dark 
straw  to  within  ^-inch  of  the  backs,  and  from  there  on  to  a 
dark  blue  to  allow  of  upsetting  them  within  the  pads  at  the 
backs.     They  were  (hen  ground  on  all  sides  to  size. 

The  spring  stripper  plate  H  H  was  worked  out  to  fit  around 
the  punches  luther  snugly,  so  as  to  give  them  as  much  support 
aa  possible  up  to  the  point  where  they  entered  the  stock.  The 
faces  of  the  punches  were  sheared  so  aa  to  commence  to  cut  at 
both  e<lges  Ijefore  the  centre  of  the  stock  was  cut  away.  This  is 
shown  in  the  end  view  at  I. 

The  die  was  made  in  the  same  way  aa  the  pad  A  A,  being  in 
two  sections,  which  were  located  together  by  dowels,  and  were 
dovetailed  into  a  bolster  of  tlie  usual  kind.  Considerable  care 
Wits  required  in  the  hardening  of  the  die  section,  and  in  the  grind- 
ing of  the  faces  afterwards,  in  order  to  insure  the  alignment  l«- 
tweeu  the  twenty-nine  piercing  dies  and  the  punches;  and  al- 
though the  inau  who  hardened  them  understood  his  business  and 
26 
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tamed  out  a  good  job,  it  was  iiecesaarj'  to  peen  the  edges  of  some 
of  the  pad  slots  bo  as  to  crowd  a  few  of  tbo  punches  over  a  tbon- 
saudth  of  an  inch  or  so.  It  was  not  found  necessary  to  grind  all 
of  the  dies,  although  about  every  third  one  had  to  be  touched  up 
on  the  sides  with  a  fiue  wheel,  taking  caj%  just  to  touch  the  tight 


When  using  the  punch  and  die  a  blank  was  located  against 
a  the  fiico  of  the  die  and  the  press  was  "stepped."  As 
the  punch  descended  the  spriug 
stripper  plate  H  H  flattened  the 
Block  and  held  it  securely  in  posi- 
tion while  the  slots  were  being 
punched.  As  the  punch  rose,  the 
Mt  ripper  forced  the  work  from  the 
punches  and  allowed  it  to  drop  off 
the  die  face.  After  the  punch 
and  die  had  l>cen  in  use  a  short 
time  it  was  found  necessary  to 
re-griud  the  die  faces,  as  some 
of  tliein  had  sheared.  Then  the 
imiiches  were  entered  into  the  dies 
iuid  solder  wiis  nin  around  them 
at  the  pad  faces.  This  rendered 
the  alignment  perfect,  and  we 
liad  no  more  trouble. 

It   will   bo  seen   in   Fig.   471 
that  the  sections  left  l>etwcen  the 
slots  punclieil  ill  the  second  ope- 
ration   have  to    l>e  curled  alter- 
nately, half  of  them  one  way  and 
llie   other   half    the   otlier  way. 
It  wa.s  iU  fii-st  thoHKlit  that  a  die 
of  considersible  iiitriciioy  would  be  necessjMy;  but  it  was  at  last 
decitU-d  to  do  the  curling  in  two  operations — but  with  one  die, 
and  that  a  quite  simple  one. 

I  show  in  Pig.  474  a  vertical  cros.s-scction  of  the  curling  die. 
L  is  the  punch-holder;  A' the  curling  punch,  lociitcd  in  a  square 
channel  in  the  holder  face  and  f  listened  by  three  tlat-liead  screws ; 
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NN&re  the  portions  that  do  the  curling,  while  the  cutaway  eec- 
tious  E  are  clearance  channels  for  the  sections  of  tie  stock  which 
have  to  be  curled  in  the  opposite  direction.  P  is  the  work,  Q  a 
spring  supporting  pad  with  the  face  worked  ont  at  0  to  the 
radius  of  the  curl;  U  is  a  gauge-plat«  for  locating  the  work 
against  the  pad  Q;  ^  i^  (lie  bolster;  iSthechauuel  in  which  the 
spring  supporting  pad  moves,  and  2"  one  of  three  spring  studs. 
The  work  is  pliiced  between  the  gauge  U  and  the  pad  Q  and 
against  a  gauge  at  the  end.  As  the  punch  descends,  half  of  the 
sections  to  be  curled,  or  every  other  one,  enter  the  curling 
grooves  N,  while  the  others  enter  the  clearance  channels  W. 
The  punch  continues  to  descend  and  the  metal  follows  around 
the  curling  grooves  until  the  curls  arc  eonipleteil,  tbe  pad  Q 
descending  with  the  punch.  As  the  punch  rises,  the  pad  Q  rises 
also  and  carries  the  work  out  of  the  locating  slot  between  the 
I>ad  and  the  gauge,  and  as  the  punch  rises  higher  it  leaves  the 
work  free  on  the  top  of  the  pad  Q  from  which  it  is  removed  by 
band.  The  fourth  operation,  curling  the  I'eniaining  sections  in 
the  opposite  direction,  is  accomplished  in  precisely  the  same 


DIES  FOR  SHEET-METAL   BAG  CLASPS. 
In  Fig.  476  are  shown  three  views  of  a  patente<l  sheet-metal 
bag-clasp  which  was  produced  entirely  by  the  use  of  dies,  there 


being  no  hand  work,  except  in  feeding.     The  dies  here  shown 
are  the  most  interesting  ones  of  the  set  employed. 

The  cliisp  consists  of  eight  parts:  tbe  embossed  front  A,  a 
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ttiiu  tiD  pad  B  fitting  into  the  embossed  part  at  the  back,  the 
hook  or  clasp  part  C,  the  spring  D,  the  lever  E,  the  two  straps  J" 
in  which  it  is  located,  and  two  rivets  G  for  fastening  the  spring 
D  to  the  hook  C. 

The  first  part  produced  was  the  embossed  front  A.    This  was 
struck  np  and  drawn  from  very  thin,  soft  ^eet-braas  blanks. 


which  had  been  previously  cut,  the  result  being  shown  in  Fig.  476. 
The  second  operation  on  the  embossed  piece  was  punching  out  the 
drawn  and  embossed  portiou  from  the  rest  of  the  blank,  leaving 
the  scrap  as  at  Fig.  477.  The  piece  produced  has  four  small 
wings,  which  are  afterward  bent  upward  iu  a  simple  die  in  the 


jfTai 


foot-press  and  then  bent  itiwai-d,  enclosing  llio  pad  within  the 
embosseil  part.  The  the  for  the  trimming  and  blanking  opera- 
tion is  shown  in  Fig.  478.  The  punch  ha-s  a  spring  stripper, 
while  the  face  of  the  die  is  oi>en  and  clear;  \)n\s  the  locating  of 
the  work  i-s  r!i])i(l,  the  work  being  pushed  through  the  die  and 
the  spring  strip]ter  stripping  the  scrap  from  the  ]>nuch  when  it 
slides  off,  the  press  being  tilted. 
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In  Fig.  479  ve  have  the  punch  and  die  used  to  produce  the 
pad  shown  at  the  top  of  the  cut.  The  work  consists  of  cutting 
and  bending  up  the  four  wings  G  and  punching  out  the  blank  to 
the  shape  shown.  The  tools  used  for  producing  this  part  were 
of  the  combination  blanking,  piercing,  and  bending  type,  com- 
pleting the  work  at  one  stroke  of  the  presa.  In  the  die  N  is  the 
bolster,  0  the  blanking  die,  Q  the  piercing  and  bending  punch 
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pad,  R  R  two  of  the  piercing  and  bending  punches,  P  the  spring 
stripper  in  the  die,  S  the  spring,  T  T  the  two  gauge-plates  be- 
tween which  the  stock  is  fed,  and  U  the  stripper  for  the  stock. 
lu  the  punch  H  is  the  holder,  J  the  blanking- pouch,  K  K  two  of 
the  piercing  and  bending  diee,  J  the  punch  pad,  and  L  the  punch 
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stripper.  The  press  was  tilted  backward,  the  stock  was  fed  from 
front  to  back,  and  the  finished  piece,  after  being  stripped  from 
the  punch,  dropi)ed  off  into  a  box. 

In  Fig.  480  we  have  the  clamp  portion  before  the  bending 
operation.     In  the  production  of  this  part  four  ox)erations  were 


^•^ 


FIG.  480. 


necessary.     The  first  was  the  punching  out  of  the  plain  blank. 
This  was  done  in  a  simple  blanking  die.     The  second  and  third 
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Front  of  Die. 
Fio.  481. 

operations  were  both  done  in  one  combination  die.     The  tools 
are  shown  in  Figs.  481,  482,  and  483.     The  work  to  be  done  by 
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these  tools  is  the  piercing  of  the  eight  slots  X,  Fig.  480,  the  pierc- 
iug  of  the  two  holes  W,  the  drawing  of  four  shallow  seats  for 
locating  the  straps  shown  at  F\\\  Fig.  475,  the  throwing  up  of  ^ 
three  small  projections  T,  and,  lastly,  the  bending  of  part  Fto 
the  shape  shown  by  the  dotted  lines  in  the  edge  view,  Fig.  480. 

In  the  dies.  Fig.  481,  E  E  is  the  section  where  all  the  pierc- 
ing is  done,  and  F  F  the  section  where  the  forming,  drawing,  and 
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FlO.  482. 


bending  are  done.  As  shown,  the  two  sections  are  locked 
together  at  2  2.  The  bolster  used  with  the  dies  is  not  shown. 
However,  the  dies  were  located  in  a  channel  and  held  and  fast- 
ened in  position  by  set-screws  at  each  end  of  the  channel.  In 
die  E  Ey  wlu^re  the  piercing  is  done,  5,  3  and  4  are  the  piercing 
dies,  (>  G  the  two  gauges  which  lociite  the  blank  for  piercing,  and 
7  tlie  stripper.  The  gauge-plates  and  stripper  ai*e  located  and 
fastened  by  the  dowel-pins  9  and  the  two  flat -head  screws  8.  In 
thes(Htion  F  JP,  where  the  drawing,  forming,  and  bending  are 
done,  10  JO  are  the  seat  drawing  dies,  11  is  where  the  small  pro- 
j<K't  ions  are  formed,  and  12  where  the  neck  Fof  the  work  is 
bent ;  13  13  are  the  two  gauge-plates  between  which  the  work  is 
located,  while  14  are  the  stripping  edges. 

The  ])unch -holder.  Figs.  482  and  483,  is  of  tJie  usual  construc- 
iiou,  while  the  method  of  locatingj^nd  -fafitening  the  punches  is 
somewhat  different  from  that  usually  followed.     The  drawing, 
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forming,  and  bending  punches  are  all  contained  in  one  steel 
block,  which  is  worked  out  on  the  face  to  match  the  dies  in  F  F. 
This  block  is  dovetuiled  into  the  holder,  and  is  then  fastened 
and  located  in  alignment  with  the  dies  by  the  set-screws  shown 
at  the  side. 

The  section  of  the  punch-holder  devoted  to  the  piercing  opera- 
tion is  built  in  the  usual  manner ;  that  is,  a  machine-steel  pad, 


Fig.  483. 


in  which  all  of  the  piercing  punches  are  located,  is  fastened  to  the 
face  of  the  holder  at  this  side  by  four  flat-head  screws. 

The  piercing  punches  were  rather  slender  and  frail,  and  it 
was  necessary  to  be  very  careful  in  locating  them  in  the  pad. 
This  was  accurately  accomplished  by  working  out  the  pad  and 
the  piercing  dies  at  the  same  time.  Then  the  punches  were  fin- 
ished to  fit  the  dies,  hardened  and  drawn,  and  then  forced  into 
the  pad,  upset  at  the  back,  and  hard  solder  run  around  them  at 
the  face  of  the  pad.  As  the  holes  for  them  in  the  stripper  were 
made  good  fits,  and  as  the  stripper  was  of  considerable  thick- 
ness, all  danger  of  bending,  twisting,  or  breaking  was  obviated, 
as  the  punches  never  left  the  stripper. 

The  dies  E  E  and  i^  jP  were  hardened  and  drawn  a  very  little. 
The  punch  block,  in  which  the  drawing,  forming,  and  bending 
dies  were  contained,  was  hardened  on  the  face  and  left  hard. 
All  of  the  slot-piercing  punches  were  hardened  between  oiled 
plates,  while  the  two-hole  piercing  punches  were  hardened  in  oil. 

Eeferring  to  Fig.  475  we  have  the  flat  spring  part  D  of  the 
clasp  to  complete  the  article.  It  is  necessary  to  round  off  one 
end  of  this,  punch  teeth  in  the  other  end,  punch  two  small  holes, 
throw  up  a  small  lug,  and  bend  and  form  the  metal  to  a  given 
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shape.  All  of  the  work  on  this  BpriDg  was  doue  iu  the  fol- 
low-die  Bliowu  in  Fig.  484.  The  Block,  cowing  to  the  proper 
widtJi,  was  fed  between  the  gauge-plates  on  the  die  and  against 
the  Btop-piu  by  an  automatic  roll  feed,  aud  then,  the  punch  do- 
sceudiug,  the  holes  were  pierced  and  the  front  end  was  trimmed. 


At  the  next  stroke  the  teeth  were  punched  in,  the  piece  was  cut 
off,  bent,  and  formed,  and  projection  was  thrown  up,  the  front 
end  of  the  nest  piece  was  trimmed  and  the  two  holes  were 
pierced.  This  die  was  an  exceptionally  rapid  producer,  an  in- 
cliued  press  being  used  and  the  finished  parts  falling  off  at  the 
back. 

For  producing  the  straps  in  which  the  lever  worked  a  die 
which  produced  three  at  once  was  used  for  blauking,  while  the 
iMsndiug  was  doue  in  a  simple  little  push-through  die  in  the  foot- 
press.  The  iever  was  cast.  Id  assembling  the  various  parts  to 
form  the  complete  article  shown  iu  Fig.  475  a  few  foot-press  dies 
of  veiy  simple  coustructiou  were  used. 
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A  TRIPLE-ACTION    DIE    FOB   BLANKING,  DRAWING, 

AND   EMBOSSING   AN  ALUMINUM  SHELL  AT 

ONE  OPERATION. 


jVs  as  instance  of  what  is  being  accomplished  at  one  opera- 
tion in  the  line  of  eml>ossed  shells,  I  show  in  Fig.  485  two  views 
of  a  shell  which  formed  the  cover  of  a  box  for  a  toilet  prepara- 
tion, and  for  which  an  order  for 
alriiost  one  million  was  secured. 
TIk;  luiLterial  used  was  sheet  alu- 
niiniuii  of  a  special  alloy,  and  the 
result  in  the  finished  shell  was  very 
pretty. 

A  triple-action  "  Bliss  "  cutting, 
drawing,  and  embossing  press  and 
a  triple-action  die  were  nsed.  The 
eliief  iwlviintage  to  be  gained  by 
the  nse  of  triple-action  dies  lies  iu 
the  fiiol  lliat  Iho  finished  work  from 
tiicm  isdclivt'iod  hrlow  the  die  in- 
sfoinl  <if  at  till'  top,  tlina  enabling 

Fli..  IM.  life 

the  »)i>er.ilor  to  feed  the  metal  eou- 
tinnonsly,  instoiul  of  waiting  for  eiieh  piece  to  oimu:  lo  the  top  of 
the  die  and  l«!  ivuioved  or  slid  off  jjorinv  the  next  ean  lie  cut. 

Fig.  4Stf  is  u  verliciil  seclion  of  llie  lower  or  die  porlion, 
sliovving  the  die  pai-ts  in  position  on  (he  prexs  bolster  and  the 
lower  plnngcr.  Fig.  487  i.s  the  upper  or  pnneh  portion.  In  Fig. 
4,S(>  .1  is  I  he  press  bolster,  Clhe  niisetl  or  bridge  bolsler  on  which 
the  <'iiltiiig  ami  drawing  die  J  is  fastened,  and  ]>  the  lower 
pluiigei'  with  the  embossing  die  M. 

Tile  enltingand  drawing  die  ./is  in  one  piece.  If  was  a  foil- 
ing of  niihi-slwl  biist*  and  a  toolstitd  fjice  for  the  culling  and 
drawing  portions.  F  is  lh(?  cutting-etlge,  sheare<I  as  shown  at 
G ;  If  llic  ■inrfaeo  on  which  the  blank  is  held  while  being  di-awn ; 
Jthe  dniwing-die  jiortion,  and  A'  the  .';tri])piiig  edge.  The  die 
is  fastened  to  tlic  face  of  tlie  bridge  Indster  by  the  eap-sercw  A', 
i  is  a  clearance  hole  in  the  bridge  bolster.     The  embossing  die  is 
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secured  to  the  fa«e  of  the  lower  plunger  by  the  two  screws  O. 
S  shows  the  embossing  face  of  t  he  die. 

lu  the  upper  part  of  the  punch  part,  Fig.  487,  Q  is  the  com- 


bined drawing  and  embossintt  punch,  and  Pthe  cutting  punch 

and  blank-holder,  which  lix-alcs  on  the  face  of  the  outer  ram  of 

the  triple-action  press  at  .f  and  is 

fikstcned  to  it  by  the  cap-.sciews 

through  T.    The  combined  cutting 

punch  ami   blank-holder    was  a 

forging  of  tuild-steel  iKick  and  tool  - 

stwl  face,  while  the  dniwing  and 

eni1>osKing  punch  was  drawn  and 

worked  out  of  a  round  length  of 

annealed  tool  sleel.     It  is  .'tocured 

in  the  inner  ram  by  a  key  through 

the  Ui\wr  slot. 

It  will  l»e  understood  that  very 
acenrale  work  was  necessary  in 
making  the  tools  and  that  all 
working  parts  were  hardened, 
driiwn,  ground,  and  lapped  to  a 
dead  finish  in  order  to  have  the 
work  come  out  as  required. 

The  manner  in  which  the  tools  were  used  to  produce  the  shell 
was  us  follows: 
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The  lower  die  being  fastened  to  the  fa<«  of  the  plnnger  D  aud 
the  upper  die  with  the  bridge  bolster  to  the  face  of  the  press 
bolster,  tlie  combine<l  i-uttiiig  punch  and  blauk-tiolder  Pis  located 
on  the  face  of  the  outer  rani  and  the  combineii  drawing  aud  em- 
bossing punch  iu  the  inner  ram.  The  strokes  of  the  two  upper 
rams  of  the  press  are  then  adjusted,  aud  the  lower  one  on  which 
the  embossing  die  is  located  is  adjusted  to  almost  meet  the  face 
of  the  embossing  punch  Q  on  its  up-stroke.  All  is  then  ready. 
The  combined  cutting  punch  aud  blauk-bolderPis  worked  down- 
ward by  the  outer  ram  of  the  press,  and  travels  slightly  in  ad- 
vance of  the  drawing  aud  embossing  punch  Q  which  is  actuated 
by  the  inner  slide,  the  outer  slide  of  the  press  being  so  adjusted 
that  after  its  stroke  has  been  made  it  stops  during  about  one- 
qimrter  of  the  rotation  of  the  crank-shaft.  The  blank  is  cut  out 
from  the  sheet  aud  held  between  the  annular  pressure  surfaces, 
if  of  the  die  aud  P  of  the  punch,  during  the  down  "dwell"  of 
the  outer  slide.  Now,  while  the  blank  ia  held  under  pressure — 
which  Ims  been  regulated  to  suit  the  special  requirements  of  the 
metal  to  be  drawn — the  drawiug  and  embossing  punch  y  con- 
tinues to  descend,  draws  the  metal  from  between  the  blank-hold- 
ing surfaces,  and  draws  it  into  aud  through  the  die  at  /,  the 
drawiug  aud  embossing  punch  continuing  to  descend  until  the 
shell  has  been  drawni  completely  through  the  drawing  die.  carrj'- 
lug  it  down  uutil  its  lower  surface  meets  the  face  N  of  the  em- 
bossing die^which  corresponds  in  its  function  to  the  solid  bottom 
in  double-action  dies— mounted  on  plunger  J)  working  in  sleeve  C 
on  its  np-stroke.  It  is  actuated  by  arrangements  at  the  side  of  the 
press,  motion  being  communicated  through  cams  ou  the  end  of  the 
crank-shaft.  Here  the  shell  receives  on  its  face  the  impression  of 
the  design  shown  in  Fig.  iSfi.  On  the  upstroke  the  finished  article 
is  stripped  from  the  puueh  Q  by  the  stripping  edge  X,  and,  the 
press  being  inclined,  the  work  slides  off  at  the  back. 

It  is  surprising  how  much  flue  work  can  be  got  out  of  a 
triple-action  die  iji  a  day  of  ten  hours,  aud  it  would  pay  any 
manufaetni-er  who  has  work  of  the  kind  shown  here  to  do  in 
large  quantities,  to  adopt  dies  of  this  construction,  as  any  of  his 
double-action  presses  can  Ije  arranged  for  them  at  a  small  cost 
compared  with  the  increased  oulput. 


^ 
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In  regard  to  the  making  of  the  dies,  I  might  state  that  they 
are  easier  to  construct  than  those  of  the  single-action  combina- 
tion type  which  are  most  frequently  used  for  such  work.  There 
are  fewer  parts  to  the  triple-action  dies  than  to  the  others,  and 
there  is  less  liability  of  their  getting  out  of  order,  while  the 
hardening  of  the  working  parts  can  be  done  with  the  assurance 
of  success,  and  the  grinding  and  lapping  of  the  hardened  parts 
to  the  finish  sizes  afterward  can  be  done  with  ease.  In  order 
not  to  leave  any  marks  on  the  outside  of  the  shell  when  drawing 
aluminum,  it  will  be  found  well  to  lap  the  drawing  die  after 
grinding  with  a  lap  actuated  in  the  direction  of  the  working 
movement. 

I  neglected  to  state  that  it  was  necessary  to  lubricate  the 
aluminum  sheets  l)efore  working,  but  as  the  cleaning  of  the  cov- 
ers afterward  would  have  cost  more  than  the  making  of  them, 
and  as  the  preparation  which  was  to  fill  the  boxes  was  such  as  to 
require  the  entire  elimination  of  oil  on  the  metal,  we  had  to  be 
very  careful  in  lubricating  the  sheets  so  as  to  get  a  sufficiently 
thin  coating  on  them  to  allow  of  its  being  taken  up  in  the  work- 
ing of  the  metal.  This  was  successfully  accomplished  by  coat- 
ing one  sheet  thickly  with  melted  Eussian  tallow  and  running  it 
through  a  pair  of  rolls,  after  which  a  number  of  other  sheets 
were  run  through  and  coated  evenly  and  thinly.  The  oil  disap- 
peared entirely  during  the  blanking  and  drawing  of  the  shell. 

The  cover  wjis  ^\  inches  in  diameter,  1  inch  high;  was 
punched  from  stock  slightly  over  ^^  inch  thick  and  required  a 
blank  4y  inches  in  diameter,  which  left  just  the  narrowest  pos- 
sible margin  for  trimming. 

BLANKING   AND   DRAWING   AN    ALUMINUIVI    SHELL. 

Not  very  long  ago  I  had  a  set  of  dies  to  make  for  the  produc- 
tion of  an  aluminum  box,  and  as  it  was  necessary  to  construct 
the  tools  so  that  the  articles  might  be  produced  at  the  minimum 
of  cost,  I  adopted  dies  which  would  allow  of  producing  a  cover 
and  a  box  complete  at  each  stroke  of  the  press ;  that  is,  one  die 
for  the  cover  and  another  for  the  body  of  the  box.  These  dies 
were  of  the  combination  cutting  and  drawing  type,  in  which  the 
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blank  is  first  cut  and  tbeii  held  between  the  annnlar  pressure 
surfaces  of  the  punch  aud  blank-holder  ring  while  it  is  being 
drawn  up  into  the  punch.  The  shell  as  drawn  lo  form  the  body 
of  the  box,  and  the  die  used  for  it  are  shown  in  Fig.  488. 

A3  I  have  been  in  a  numbei'  of  shops  where  they  use  two  dies 
to  accomplish  results  which  are  attained  in  this  oue,  and  as  the 


construction  aiKl  action  of  lliese  diesaif  i>y  no  means  well  known, 
a  short  description  nf  it  may  be  of  interest. 

Fig.  488  shows  a  Imigitudinid  crass- sect  ion  of  the  die  com- 
plete as  it  appears  when  set  in  the  pr(!S.s  and  i-eady  fin-  work. 
A  A  is  the  cutting-die,  a  forgiufi  of  mild  steel  with  !V  t(K>l-8teel 
face  to  act  as  the  cutting-edge;  G  is  the  drawing  punch,  which 
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is  located  iu  the  cutting-die  by  being  screwed  into  a  set  at  E  E; 
D  is  the  spring-pressure  attachment  plate,  to  which  the  cutting 
die  is  bolted  by  bolts  0  0;  PP are  two  of  the  six  tension  pins 
which  support  the  blank-holder  ring  B  B  and  communicate  the 
tension  from  the  rubber  spring  barrel  L,  The  spring-barrel  at- 
tachment consists  of  the  stud  N  which  is  screwed  into  a  tapped 
hole  J  in  the  i)hite  I)  />,  the  two  cast-iron  washers  A'  K,  and 
the  rubber  spring  barrel  L.  This  rubber  spring  barrel  is  usually 
about  3^  inches  in  diameter  and  6  inches  long,  for  drawing  all 
shells  up  to  one  inch  in  depth.  M  is  the  nut  for  adjusting  the 
pressure  in  the  blank  while  it  is  being  drawn  up  into  the  punch. 

In  the  punch  or  upper  section  of  the  die,  P  P  is  the  combined 
cutting  punch  and  di-awing  die.  It  is  a  forging  of  mild  steel 
with  a  tool -steel  ring  welded  on  to  act  as  the  cutting  and  draw- 
ing face.  H  is  the  drawing-die  portion  of  this  punch,  G  the 
spring  pad  which  expels  the  shell  after  it  is  drawn,  and  /the 
adjusting  nut  for  the  spring  pads.  In  a  die  of  this  kind  the 
cutting  punch,  drawing  pad,  blank-holder  ring,  and  cutting 
die  are  all  hardened  and  tempered,  the  cutting-edges  being 
drawn, to  a  dark  straw  and  the  drawing  portions  to  a  light  straw 
temper. 

In  using  a  punch  and  die  of  this  kind  the  die  is  first  set  up 
on  the  press  bolster  and  the  plate  D  D  bolted  to  same.  The 
punch  is  then  located  in  the  ram  of  the  press  and  aligned  with 
the  die.  After  this  the  stroke  of  the  press  is  set  so  that  the 
punch  will  descend  the  proper  distance,  the  pressure  of  the 
spring  buffer  is  regulated,  and  we  are  ready  to  x)roceed.  A  sheet 
of  stock  is  entered  to  rest  on  top  of  the  cutting-die  and  the  press 
stopped.  As  the  press  descends,  the  cutting-edges  punch  the 
blank  into  the  cutting  die  A  A,  where  it  is  held  between  the  faces 
of  the  punch  and  the  blank -holder  ring  B  P,  and  as  the  punch 
continues  to  descend  the  dniwing  punch  G  draws  the  metal  up 
into  the  cutting  punch  and  from  l)etween  the  pressure  surfaces, 
the  metal  being  held  tight  enough  to  prevent  inceptive  wrinkles 
and  crimps  from  forming.  As  the  punch  risers  the  sheet  of  stock 
is  stripped  from  it  by  bent  pins  placed  around  the  cutting-die, 
and  the  finished  shell  is  expelled  from  the  inside  by  the  spring 
pad  O  being  actnated  by  a  knock-out  in  the  press  body.     When 
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a  die  of  this  kind  is  used  to  an  inclined  press  the  finished  shell 
falls  off  through  gravity  at  the  back. 

Combination  cutting  and  drawing  dies  of  the  constmction 
shown  and  described  here  may  be  used  to  the  best  advantage  for 
the  production  of  shells  from  stock  as  thin  as  paper  up  to  {^  inch 
thick.  They  may  be  used  in  either  single-acting  foot  or  power 
presses.  In  most  cases  the  shells  produced  in  dies  of  this  kind 
are  of  shallow  shapes,  their  edges  frequently  not  being  over 
^  inch  deep,  as  for  instance,  can  tops  and  bottoms,  pail,  bucket 
and  cup  bottoms,  etc.  On  the  other  hand,  however,  dies  of  this 
class  can  be  used  for  the  production  of  much  deeper  articles^ 
such  as  boxes  and  covers  for  blacking,  lard,  salve,  and  other 
goods  up  to  f  inch  deep,  or  for  cutting  and  drawing  burner  and 
gas-fixture  parts,  toys,  etc.,  up  to  1  inch  in  depth.  However, 
the  best  results  will  be  secured  in  the  drawing  of  shells  which 
will  not  exceed  f  inch  in  length,  as  in  order  to  draw  that  depth 
the  rubber  spring  barrel  has  to  compress  to  its  maximum,  and  to 
compress  it  more  would  cause  the  metal  either  to  stretch  exceed- 
ingly or  to  split.  When  it  is  desired  to  draw  shells  over  J  inch 
in  depth  it  will  be  found  better  to  use  two  dies,  a  combination 
die  and  a  re -drawing  or  finishing  ^^  push -through''  die. 

As  the  die  shown  here  wa,s  for  cutting  and  drawing  alumi- 
num, it  may  be  well  to  assure  my  readers  that  no  difficulty  was 
experienced,  notwithstanding  that  the  tools  were  made  the  same 
as  for  working  brass.  The  precaution  necessary,  however,  to 
assure  sjitisfactory  results  was  the  use  of  a  pro])er  lubricant, 
which  was  a  cheap  grade  of  vaseline.  For  deep  draws  in  this 
metal  use  lard  oil. 

A    XK^E   JOB   OF   BEXDING   AXD   FORMIXG. 

Fig.  489  shows  the  blank  to  form  Fig.  491.  This  blank  was 
7  inches  long  by  2^  inches  wide,  and  was  of  hard  brass  y'^  inch 
thick.  The  corners  were  to  be  sheared  to  the  radius  shown, 
three  holes  were  to  be  i)iereed  at  each  end,  and  a  slot  was  to  be 
punched  in  the  centre. 

It  was  considered  more  economical  to  shear  the  strips  of 
stock  to  the  required  width.     The  tools,  Fig.  492,  were  of  the 


INTERCHANGEABLE  MANIFACTUHING. 

"gang"  type,  performing  the  operations  on  tb»  blauk  t 
ively,  and  lastly  cutting  off  the  piece  to  the  required  length.     In 
the  die  Bectiou  V  V  indicate  two  of  the  piercing  dies.     They  are 


o  o 


hanlened  and  ground  sl«el  busliings  let  into  counterbored  seata 
in  tlie  ciLstiroii  die-block.  A'  is  the  slotting  die  located  in  a 
channel  iu  the  face  of  the  die-block  by  means  of  a  strong  dowel 


at  1'.  Z  is  llie  cdruer-triniming  and  cutting-off  die,  locate  in 
the  die-block  in  the  same  manner  as  the  die  Y.  Tlic  gauge-plat« 
extends  along  the  entire  length  of  the  die,  while  the  stripping 


amingeim-nt  consists  of  fonr  straps  fastened  by  roundhead 
RCIVW.S  T.  By  nniking  the  die  in  this  way  any-  iujm-ed  part 
could  be  taken  out  and  replaced  independently. 

The  punch  consists  of  a  cast-iron  holder  in  which  are  loi^ated 
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all  of  the  small  piinches,  five  of  whicli  are  fastened  in  their  ooiin- 
terbored  seats  by  meaus  of  set-screws  J,  vhile  the  inoer  central 
one  is  fastened  by  a  flat-head  screw  let  in  from  the  back  of  the 
holder.  The  slotting  punch  M  is  located  in  a  square  channel  in 
the  bolder  by  dowel  0  and  two  flat-head  screws  N  N.  The 
trimming  and  cutting-off  punch  is  located  in  the  same  manner  in 
channel  Q  Q  by  dowel  R  and  screws  8  S. 

The  slotting  punch  3f  is  the  longest,  while  the  cutting-off 
punch  is  the  shortest.  This  is  so  that,  the  stock  being  fed  from 
left  to  right,  the  slotting  punch  will  pierce  the  stock  first  and 


PLAN 
OF 
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1 

1 

1 

1 
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locate  it  while  the  six  liolos  are  being  pierced,  and  the  cutting-off 
piiiicb  will  not  commence  to  cut  until  sill  other  punches  have 
entered  their  dies.  Thus  tiie  aocnrate  sizing  of  the  blanks  and 
the  location  of  the  various  opcrjitimis  is  assured.  With  this  die 
an  a«1justablc  stop,  not  sliowii,  was  used. 

The  result  of  the  fii-st  bending  operation  on  the  blank  is  shown 
in  Fig.  490,  and  to  perform  it  the  tools  shown  in  Fig.  493  were 
used.  The  skelches  are  so  clear  that  very  litHe  description  will 
be  necessary.  Tlic  punch-holder  is  of  cast  iron  dovetailed  on 
the  face  at  A'  K  for  the  punch  of  tool  steel,  which  is  worked  out 
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to  the  shape  showu  and  hardeiied  at  the  beudiag  face.  The 
locatei'  0  and  the  spring  arrangement  are  setf-explauatorj'.  The 
die  also  is  of  tool  steel  and  is  machined  to  fit  the  bolster  and  has 
a  tapped  bote  at  W  for  fastening  screw.  P  P  indicate  the  blank 
in  position  for  forming,  while  the  dotted  lines  T  Vindicate  it  as 
formed  into  the  die.  S  8  are  the  side  gauges  and  T  the  end 
locating  point.  In  use,  the  press  iti  which  the  dies  were  located 
was  inclined,  and  the  work  after  bending  fell  off  at  the  back. 

For  the  last  operatioii  in  the  production  of  Fig.  491  the  very- 
simple  tools  illustrated  in  Fig.  494  were  used.  The  work  before 
finishiug  is  indicated  by  the  dark  portion  0  0  in  position  on  the 
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locater  //,  while  the  dotted  lines  P  P  show  it  as  finished.  The 
punch,  of  tool  steel,  is  machined  to  fit  the  dovetailed  channel  in 
the  face  of  the  holder  (not  shown)  and  at  J Z  to  flt  the  central 
forined  section  of  tlie  work ;  the  die  is  of  cast  iron. 

The  rapidity  with  which  these  two  bending  dies  can  be 
worked  and  the  quality  of  the  work  done  by  them  are  surprising 
when  tlic  simplicity  and  cheapness  of  the  tools  are  considered. 
Some  may  think  that  it  would  hare  been  better  to  have  designed 
a  die  which  would  do  all  the  bending  in  one  operation.  Possi- 
bly, if  a  sufficient  quantity  of  the  articles  were  required — say 
several  millions. 
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"GKSG"  PUNCH   AND  DIE  FOR  PRODUCING 

EYELETS   IN   ONE  OPERATION. 

As  an  example  of  what  is  bein^;  accomplislied  in  the  devising 
of  meaus  for  tlie  production  of  sliwt-metal  articles  in  one  opera- 
tion I  illustrate  and  describe  bere  d  ''gang"  die  of  \ery  interest- 
ing type.  A  iininbtT  of  these  dies  were  designed  and  put  into 
successful  operation  by  the  vnter  not  long  ago  for  the  produc- 


tion of  one  of  two  pails  of  a  iitetallic  butloii.  They  will  be 
found  the  U-st  1o  a<li>pl  lor  Ihe  inaiiiil act iiie  of  small  buttons, 
eyelets,  shell  rivals,  and  iinylhing  of  like  iiiitnre  Ibat  il  is  neces- 
Biiry  to  produou  cheaply  and  in  larj;e  ipiantilies.  Tu  secure  the 
niininnini  ('i>sf  of  i)|nT;ition,  llic  stock  is  usually  fed  anioniatic- 
ally  by  means  of  a  rnR'-li>oth  ratchet  roll-feed,  iLus  seeming  flue 
adjustment  of  (be  stii>ke. 

In  brass  work,  wheix'  we  ran  {jet  onr  stock  in  long  lengths, 
or  ill  rolls  api)roxinialely  uniform  in  widlb,  a  die  of  the  type 
shown  iu  Fig.  4',l.">  will  run  otV  llie  entire  strip  or  roll  without  the 
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possibility  of  error,  thus  allowiug  of  the  press  attendant  looking 
after  several  presses  and  keeping  them  running  continually. 

Now,  in  the  first  place,  be  it  understood  that  in  order  to  draw 
sheet  metal  into  any  form  or  shape,  it  is  first  necessary  to  pro- 
vide a  blank.     And  when  the  article  drawn  is  i)roduced  progres- 
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sively,  as  in  the  die  here  shown,  it  is  necessary,  first,  to  cut  the 
blank  partly  from  the  strip  so  that  it  may  decrease  in  diameter 
with  the  drawing  in  such  a  manner  as  in  no  way  to  disturb  the 
relative  distance  between  the  centres  of  the  different  operations 
required  to  produce  the  shell.  This  is  the  point  which  many 
die-makers  forget,  so  that  the  dies  prove  defective  where  means 
are  not  provided  for  first  partly  cutting  the  blank,  and  there  is 
no  possibility  of  locating  the  successive  operations  in  their 
proper  positions,  because  of  the  metal  which  goes  to  form  the 
cup  lx4ng  drawn  sidewise  and  lengthwise  in  the  first  drawing. 
And  as  this  will  continue  with  each  draw,  there  will  be  no  likeli- 
hood of  accurately  locating  the  different  operations.  The  way 
in  which  a  ^^gang"  die  of  this  kind  should  bo  made  in  order  to 
attain  the  desired  results,  will  become  apparent  to  the  practical 
reader  in  the  description  of  the  tools  here  shown. 

The  ])unch  and  die  were  used  to  produce  small  shells  like  the 
one  shown  at  the  upper  right  of  Fig.  495.  Audit  required  seven 
workings  to  produce  the  shell,  finishing  it  complete  from  flat 
stock  at  the  rate  of  40,000  to  50,000  per  day  of  ten  hours.  The 
stock  used  was  .030  soft  l)nuss. 

As  the  illustrations  of  the  die  and  punch  show  clearly  the 
various  parts  used  in  the  construction  of  the  tools,  and  Fig.  496 
the  results  accomplished  at  each  operation  in  the  progress  of  the 
strip  across  the  die  face,  very  little  descTiption  will  be  necessary. 

The  stock  is  fii'st  cut  as  indic^ited  at  A,  Fig.  49(5,  by  punch  J", 
Fig.  495,  and  then  at  B  by  punch  A'.  Thus,  the  blank  is  pro- 
duced so  as  to  remain  attached  to  the  strip  and  to  allow  of  l)eing 
drawn  and  decreased  in  diameter  by  the  subsequent  oi)ei'ation8 
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without  affectiug  the  position  of  its  centre  in  relation  to  the 
strip.  This  will  allow  of  the  uietal  being  drawn  into  the  shell 
and  still  leave  a  margin  to  hold  the  cups  together  and  allow  of 
feeding  them  along  for  the  next  operation. 

The  stems  of  the  seven  punehes  J  KL  MNO  and  Pare  let  into 
reamed  holes  in  the  holder  I  and  are  fastened  with  set-screws, 
not  shown.  The  punches  were  all  hardened,  drawn,  and  care- 
fully lapped  to  size  and  shape.  The  die  is  finished  in  the  usual 
manner,  formed  counterbores  being  used  to  finish  the  drawing 
and  sizing  dies.  Q  is  the  first  cutting  die,  R  the  second,  8  the 
first  drawing  die,  T  the  second,  U  the  third,  and  V  the  sizing 
and  finishing  drawing  die,  while  W  is  the  blanking  and  trimming 
die.  Each  of  the  drawing  dies  is  furnished  with  a  plunger, 
which  is  hardened  and  drawn  and  let  into  pad  Y.  These  plun- 
gers serve  the  double  purpose  of  holding  the  metal  while  being 
drawn  and  of  stripping  it  from  the  dies  afterward,  thereby  leav- 
ing the  stock  free  to  be  fed  forward  to  receive  the  next  oi)era- 
tion.  A  channel  planed  lengthwise  in  the  bolster  A-A  bX>  Z 
allows  the  pad  Fto  work  up  and  down  with  the  action  of  the 
press  ram.  The  two  springs  BB  BB  keep  the  plungers  up  with 
sulliciont  tension  to  hold  tlie  metal  securely  between  their  faces 
and  the  facets  of  the  drawing  punches  while  the  drawing  and 

« 

reducing  are  being  accomplished.  Their  pressure  is  adjusted  or 
rejxnlated  by  the  lieadless  sciews  T>-D  D-D,  The  trimming  or 
blanking  punch  P  has  a  pilot  pin  which  tits  the  last  drawing 
snngly  and  locates  it  true  and  central  for  being  trimmed  and 
blanked  clean  ofl*  the  strij). 

As  the  results  accomplished  by  the  use  of  such  tools  as  are 
herein  descrilK^l  and  illustrated  would  require  three  or  more 
operations  if  the  simpler  tools  were  used,  it  is  no  hard  matter  to 
figure  out  what  the  saving  is. 

In  conclusion  1  might  state  that  there  is  any  variety  of  small 
drawn,  fornu^d,  or  (^nibosvsed  sheet  metal  work  that  could  be  pro- 
duced more  accurately  and  in  half  the  time  by  the  use  of  just 
such  dies  as  that  shown  here.  In  ordei*  to  succeed  with  these 
tools,  however,  always  nMueniber,  before  attempting  to  draw  and 
form  cups  progressively  from  the  strip,  to  provide  means  for 
partly  cutting  the  blanks  from  which  to  draw  the  cups. 
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COMPOUND  DIES  FOB  PARTS  OF  TELEPHONE 

TRANSMITTER  CASES. 


Id  Fig.  497  are  ahown  the  assembled  parts  of  a  telephone 
transmitter  case  of  sheet  metal,  aud  in  Figs.  198  to  603  the  dies 
used  for  produciug  the  parts.  It  is  needleffi  to  state  that  these 
cases  are  ased  in  great  quaiitities  and  that  the  dies  for  their  pro- 
daction  are  required  to  be  of  the 
most  accurate  and  lasting  con- 
struction in  order  that  the  parts 
may  be  produced  rapidly  and  in 
exact  duplication.  As  the  work 
involved  in  the  production  of  the 
transmitter -case  parts  consists  of 
biaiikiug,  drawing,  forming,  pierc- 
ing, and  wiring,  the  dies  are  in- 
teresting, and  engravings  of  them, 
together  with  the  description  of 
their  construction  aud  operation,  -">."■■ 

will  prove  suggestive  in  the  adoption  of  dmilar  tools  for  the 
production  of  a  large  variety  of  drawn  sheet-metal  work,  accu- 
rately and  economicatly,  , 

As  wil!  be  seen  from  Fig.  497,  the  case  consists  of  three  parts, 
designated  1,  2,  and  3,  res])ectively.  The  part  1  is  of  an  artistic 
shape  and  represents  a  nice  job  in  drawn  work.  The  die  used 
for  producing  it  is  shown  in  Fig.  498  and  was,  as  were  all  the 
bhitiking  and  drawing  dies  used  in  the  production  of  the  case 
parts,  of  the  compound  double-action  type  of  construction.  As 
a  gieat  many  tool-makers  are  not  familiar  with  drawing  dies  of 
this  t>'pe,  a  slight  description  of  their  use  will  contribute  to  an 
intelligent  understanding  of  their  making. 

Double-action  dies  derive  their  name  from  the  fact  that  they 
are  used  in  donble-action  presses  to  cnt  a  blank  and  at  the  same 
stroke  dniw  it  into  shape  without  the  help  of  springe  or  buffers, 
as  in  the  ease  combination  single-action  dies.  The  kind  and 
thickness  of  the  metal  used  determine  whether  one  or  several 
operations  will  be  necessary  to  obtain  the  desired  shape  and 
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depth  iu  the  article.  There  are  two  esseutially  different  types 
of  double-action  dies,  viz.,  Fig.  -198  is  a  "solid -bottom  die,"  and 
Fig.  501  a  "push-through  die."  However,  they  are  botli  usetl 
iu  the  same  way. 

Taking  the  die  Fig.  498— which  was  used  for  producing  the 
part  1  of  Fig.  497 — G  is  the  die  bol.ster,  ia  which  the  drawing 
and  blanking  dies  are  located.  It  will  be  understood  that  all 
part.s  of  this  die  had  to  be  constructed  very  accurately,  that  the 
working  parts  were  hardened,  drawn,  aud  ground  and  lapped 
smooth  in  order  to  produce  the.  parts  as  required.    In  the  die,  A 


is  the  miun  drawing  die,  which  is  located  in  a  taper  seat  in  the 
bolster,  while  F  F\s  the  blanking  die,  located  in  a  seat  iu  the 
surface  of  the  bolster  and  secured  by  means  of  the  two  fillister 
head-screws  H  H.     JV is  a  stripi^r  of  the  nsnal  t ji>e. 

In  the  punch  section,  t  L  ia  the  combine<I  cutting  punch  and 
blank  -  hoi  der :  aforgiugof  mild  steel  with  a  tool-steel  ring  welded 
ou  to  one  side  io  act  as  the  cutting  punch  /  /.  It  was  miichiued 
all  over;  being  turned  at  J  JXa  locate  on  the  face  of  the  outer 
ram  of  the  doable-action  preHS,  and  was  hardeneil  and  drawn  at 
I  Jand  then  ground  to  fit  the  cutting  die  F  F.  after  which  the 
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face  was  lapped  so  that  the  blauk  would  be  held  eveuly  while 
being  dnvwn.  B  is  the  drawing  and  forming  pimch  and  E  its 
Mem.  The  manner  in  which  this  die  was  iise<l,  us  well  as  the 
other  doDble-action  dies  sbowu  here,  will  lie  understood  from 
the  following : 

The  lower  or  die  section  G  is  fastened  to  the  iaee  of  the  press 
bolster,  while  the  combiued  cutting  punch  and  blank-bolder  II 
is  fastened  to  the  face  of  the  outer  ram,  and  mo\'es  slightly  iii 
advance  of  the  drawing  punch  B,  the  stem  JC  of  which  is  fastened 
in  the  inner  ram,  by  which  it  i»  tictiiat«d.     The  outer  ram  of  the 


Fia.  4M. 

double-action  press  being  so  ari-anged  that,  after  making  its 
stroki',  its  stops  during  al>ont  one-quai-tvr  lovolution  of  the' 
crank -shaft,  and  the  combined  cutting  punch  and  blank -holder 
cnls  the  blank  at  F  F,  ("arries  it  down  (n  the  inner  surface  of  the 
cutting  (lie;  holds  it  Ibcra  tightly  and  remains  stationary,  hold- 
ing it  iM'twwMi  the  annular  preasui-e  surfaces  <)f  the  punch  and 
E  A' during  the  down  "dwell"  of  the  outer  slide. 

While  the  blank  isuixler  a  pressure  which  has  l>een  regulated 
to  suit  the  special  requirements  of  the  case,  the  dniwing  punch 
1i  continues  its  downward  movement,  thus  dniwing  the  metal 
from  between  the  pi-essing  surfaces  into  the  shape  required.  As 
the  punch  rises  the  combinetl  blank-bolder  and  cutting  punch 
remains  stationary  until  the  dmwing  punch  has  disapi>eared 
within  it ;  then  it  rises  also.  At  the  completion  of  the  up-slroke 
a  knock-out  attached  to  the  press  actuates  the  die  knock-out  J> 
which  delivers  the  finished  shell  at  the  top  of  the  die.     Some 
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very  close  work  and  carefnl  grinding,  lapping,  and  poUshing 
were  iieceeaary  in  order  to  get  this  die  to  produce  part  1  as  was 
desired,  the  metal  used  being  sheet  brass  ^  inch  thick,  the  atmost 
care  being  necessary  to  get  the  difference  in  the  diameter  and 
our^'es  and  shax)e  of  the  punch  and  die  exactly  two  thicknesaes 
of  metal. 

The  punch  and  die  used  for  prodacing  part  2  of  Fig.  497  is 
shown  in  Fig.  600.  Atthongh  a  compouud  donble-action  die,  it 
will  be  tieeu  that  it  is  constructed  differently  from  the  one  shown 
in  Fig.  498,  and  that  different  results  are  accomplished  in  it.  In 
this  die  the  shell,  forming  part  2  of  Fig.  497,  is  blanked,  drawn, 
formed,  and  a  hole  pierced  in  the  centre,  to  admit  the  end  of  part 


3  as  shown  at  a,  Fig,  497,  at  one  stii)k«  ()f  tlie  press.  However, 
the  list'  auduiieialing  of  the  dii'  arc  tlie  siine  as  explained  for  the 
fii-st.  .Vs  in  llio  other,  elosts  and  cai-cfnl  work  were  necessary 
on  all  (he  parts  in  onler  to  have  llie  di<^  work  well  in  the  press. 
In  llie  die  section,  7*  7^  is  the  e:iMt-iron  bolster,  P  P  Ihe  combined 
cutting  and  drawinj;  die,  and  Q  Q  the  combined  bottom -forming 
and  hole-|)ierciiif][  die. 

In  tlie  u|>i)er  section  of  die,  Fig.  flOO,  11'  IT'  is  the  combined 
cuttinfi  piincli  and  blank -holder,  a  forying  T  Jibe  drawing  and 
forming  pnuelj,  aud  [7  the  hole-piercing  pnncb.     The  manner  in 
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wliich  the  metal  is  cut,  drawn,  formed,  aaA  the  hole  pierced, 
may  be  seen  from  the  dark  sectiOD.  In  this  die  the  bottom-form- 
lug  aud  hole-piercing  die  Q  Q  also  acts  iu  the  capacity  of  a 
knock-out ;  it  being  actuated  on  the  upstroke  of  the  press  rams  by 
the  knock-out  device  attached  to  the  press.  The  blank  produced 
by  the  hole-pierciiig  punch  [/finds  egress  through  an  enlarged 
hole  running  entirely  through  the  stem  of  the  piercing-die  sec- 
tion. Ideal  results  may  be  accomplished  in  a  die  of  this  con- 
struction, as  the  holding  of  the  blank  while  it  is  being  drawn  is 
perfect;  an  even  pressure  being  maintained  all  the  time,  which 
is  not  the  case  when  single-action  combination  dies  are  used,  as 
the  tension  on  the  blank  is  communicated  through  a  rubber 
spring  barrel  which  compresses  as  the  blank-holder  ring  de- 
scends and  thus  renders  the  tension  uneven.    Thus,  deep  draws 


cannot  lie  attained  iu  a  single-action  die  through  the  metal  tear- 
ing or  splitting  because  of  too  much  pressure  ou  the  blank  as 
Itic  dniw  nears  completion;  while  iu  comitound  double-action  or 
tri|>lc-»ction  dies,  dmws  of  considerable  depth,  in  comparison 
with  the  diameters,  can  be  attained  because  the  pressure  ou  the 
metal  is  exerted  by  cams  on  the  crank-shaft  and  is,  of  course. 


To  prodnce  part  .3  of  the  case,  to  the  shape  shown  in  Pig,  497, 
three  operations  were  necessary.     The  first  consisted  of  drawing 
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a  shell  of  the  sliapc  shown  nt  the  upper  left  of  Fig.  501.  This 
shell  was  blaiiked  and  dniwu  in  the  duuble-action  "push- 
throngh"  die  showu  in  Fig.  ■'>01,  As  will  be  seen,  the  die  sec- 
tion is  ill  one  piece.  It  was  a  forging  of  mild  steel  at  base,  with  a 
tool-steel  face  for  the  rnttiiig  die.  Tbe  weld  of  the  two  steels  is 
indicated  by  a  wavy  line  in  the  drawing.  The  machining  and 
finishing  of  the  die  were  accomplished  in  the  usual  manner ;  all 
working  parts  being  left  over  siz^,  and  ground  and  lapped  to  a 


fiiiisli  iiflor  till' die  liail  Ik'cii  liiii'dciu'd  and  Icmiiered.  .4  is  tbe 
Iiiis.-,  VV  tin-  ciilliuK  dio  ;in<l  hliiiiklioldor  portion,  D  D  the 
di-.iwiiin  dii',  iiiKl  Jl  I!  Ilic  slripijiiifi  *'(lj;t'. 

In  the  |nuuh  sciliim  of  Fi-;.  ."lOI,  //  is  llio  combined  cutting 
]>nncli  iuul  Maiik-lioliltT  iiml  /  tlio  ilr.iwiii;:  imiirh.  As  will  be 
soon.  111!'  die  is  •.'i|ui|)ii«-d  wilb  a  sliippir  of  llu!  nsnal  construc- 
tion. Tills  dii-  was  :i  fai'  nioi-i-  rapid  |ii'odui-ci'  Mian  ttic  other 
two,  us  the  metal  was  cut,  tlieii  drawn  and  piisiieil  tlirongb  the 
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die,  stripping  at  B  B;  thus  obviating  the  necessity  of  a  knock- 
out and  the  delivering  of  the  drawn  shell  at  the  top  of  the  die. 

The  second  operation  in  the  production  of  part  3  was  accom- 
plished by  means  of  the  tools  shown  in  Fig.  602.  These  tools 
require  little  description  as  their  construction  and  use  are  al- 
most evident  at  a  glance.  8  is  the  punch-holder,  F  the  drawing 
jmnch,  and  R  its  stem ;  w^hile  X  is  the  inside  blank-holder  which 
supports  and  holds  the  shell  on  the  inside  while  it  is  being  reduced 
and  formed ;  Q  is  the  stripper.  In  the  die,  L  is  the  bolster,  M 
the  die,  and  Nthe  knock-out  for  stripping  the  finished  work  from 
the  die.  The  punch  and  die  were  operated  in  a  reducing  press 
with  a  stroke  of  considerable  length. 

The  last  operation  in  the  i)roduction  of  part  3  consisted  of 
punching  out  the  bottom  at  b  b  and  wiring  the  edge  at  d  d  ns 
shown.  This  work  was  accomplished  entirely  by  the  use  of 
the  combination  wiring  and  piercing  die  shown  in  Fig.  503. 
Although  the  drawing  is  vefy  clear,  a  description  may  assist 
many  to  understand  intelligently  the  construction  and  working 
of  the  tools. 

In  the  lower  section,  T  is  a  cast-iron  bolster,  bored  out  and 
recesscKl  for  the  hole-piercing  die  U  Uand  the  holder  and  locator 

V  y.  The  piercing  die  was  of  tool  steel,  hardened,  ground,  and 
lapped  to  size,  and  a  force-fit  into  its  seat  in  the  bolster,  while 

V  V  was  of  mild  steel  worked  out  on  the  inside  to  fit  the  formed 
shells  and  turned  taper  on  the  outside  to  drive  into  the  tai)er  seat 
in  the  bolster. 

The  upper  section  consists  of,  first,  the  holder  B,  a  forging  of 
mild  steel  worked  and  machined  tis  shown,  to  contain  the  wiring 
die  Tr  Wy  the  spring  stripper  and  work  supporter  XX,  and  the 
piercing  punch  Y.  As  will  l>e  seen,  the  wiring  die  is  located  in 
a  seat  in  the  holder-face  and  fastened  by  means  of  fillister  head, 
screws,  while  the  piercing  punch  is  located  in  a  reamed  hole  run- 
ning entirely  through  the  holder,  and  is  permanently  secured  in 
position  by  means  of  a  taper  i)in  at  A,  The  spring  2>  D  exerts 
enough  pressure  on  the  combined  work-supporter  and  stripper 
.Y  A^to  allow  of  it  supporting  the  shell  on  the  inside  while  it  is 
being  wired  by  the  die  Tr  Tr,  and  then  stripping  it  from  the 
piercing  punch  at  the  rise  of  the  press  ram. 
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When  the  pnoch  and  die  are  iu  use,  the  Bhell  is  (dipped  into 
the  locating  Beat  io  V  Fand  the  press  stepped.  As  the  punch 
descends,  the  supporter  and  stripper  come  in  contact  Tith  the 
inside  of  the  shell  and  hold  it  tightly  while  the  spring  com- 
presses and  the  rest  of  the  punch  parts  continue  to  descend. 
Then  the  edge  of  the  shell  enters  the  wiring  groove  and  follows 
around  its  curves;  the  punch  descending  nntil  the  cnrl  is  com- 
plete, the  piercing  punch  T  having  meanwhile  punched  the  bot- 
tom out  of  the  shell  and  into  the  die  U.  At  the  np-stroke  of  the 
ram  the  stripper  J[  X  remains  stationary  until  the  piercing  punch 


has  left  tlie  shell  and  the  wiring  die  lia-s  risen  above  it;  then  it 
rises  iilso.  leaving  the  liuitilu-d  kIh-II  in  a  position  to  be  easily 
roniovcd. 

The  other  operations  neccMsary  to  sillow  of  the  parts  of  the 
tninstiiittcr  riiKC  iH'int;  a.ss('niblo(I  as  hIiowii  in  Fig.  497  consisted 
(if  Joining  parts  .t  and  2  togi'tlier  iis  sliown,  and  piercing  four 
holes  in  ttie  rims  of  parts  I  and  2  for  screws.  But  :ts  the  tools 
Hsed  for  lliose  latter  oiierations  were  very  simple,  llieir  illustrat- 
ing and  describing  are  unnoccssary. 

In  eoncluKJon,  I  might  state  that  it  wonlii  be  well  for  niann- 
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facturers  of  artistic  drawn  sheet-metal  articles  and  paits  to  give 
more  attention  to  the  use  of  double-action  dies  and  double-action 
presses,  as  the  results  accomplished  by  their  use  are  not  to  be 
compared  with  those  accomplished  by  combination  dies  in  single- 
action  presses. 


CHAPTER  XXVII. 

Processes,  Presses,  Devices,  and  Arrangements  for 
the  Rapid  and  Economical  Manufacture 
.  of  Sheet-Metal  Articles. 

PRESS  WORK. 

It  is  only  during  tlie  piust  few  years  that  the  use  and  value  of 
the  power  press  and  hydraulic  press  for  sheet-metal  working  have 
come  to  be  almost  univei-sally  appreciated  and  known,  and  to-day 
the  rapidity  with  which  their  use  is  being  extended  is  astonishing. 

Among  the  machine-tool  brood  the  power  press  and  its  work 
occupj^  a  unique  position  in  one  re^iKHJt,  as  it  is  the  only  ma- 
chine tool,  and  its  operation  involves  the  only  process,  in  wliich, 
after  the  material  is  once  cut  off  from  the  sheet  or  bar,  there  is 
no  making  of  chips  or  waste.  The  i)ress,  as  suc'h,  does  neither 
cutting  or  abrading. 

To  be  sure,  the  power  press  is  usually  a  more  or  less  expen- 
sive^ machine,  and  the  devising  and  constructing  of  suitable  dies 
for  it  requires  the  ein])loyment  of  the  most  skilful  mechanics  and 
is  often  among  tli(»  most  expensive  work  of  the  trade.  But  when 
the  machine  and  dies  are  in  successful  operation  the  saving  of 
labor  in  production  is  enormous,  an<l  is  greater  than  that  Siived 
by  any  other  machine  tool.  In  fact  the  most  elaborate  and  costly 
articles  an*  often  numerously  ])roduced  by  the  j)ower  press,  which 
couhl  not  l:e  made  by  other  j)rocesses  for  one  hundred  times  or 
even  on<*  thousand  times  the  cost. 

Until  lately  the  ])ower  j)ress,  by  reason  of  its  ra])idity  of  pro- 
duction and  the  m  .nifolding  of  its  jn-odnct,  was  distinctly  a  fac- 
tory machiiK^  I^nt  to-day  this  s;une  machine  is  employed  almost 
nniveisally  in  up  to-date  machine  shops  for  the  ])i(Kluction  of  an 
endless  variety  of  |)arts  which  are  use<l  on  machines,  and  it  is  to 
he  reckoned  with  the  same  as  the  other  machine  tools;  that  is,  as 

an  economic  producer  of  shop  j^roducts. 

432 


INTERCHANGEABLE  MANUFACTURING.         433 

PERFORATING  FLAT  AND   CYLINDRICAL  SHEET 

METAL. 

In  the  production  of  plates  and  articles  with  numerous  i)er- 
forations,  dies  accompanied  by  novel  mechanical  devices  play  a 
more  important  part  than  any  other  line  of  sheet-metal  work. 
While  the  dies  used  in  such  work  are  comparatively  simple,  the 
devices  and  appliances  used  in  connection  with  them  are  often 
intricate  and  novel.  Especially  is  this  so  in  the  i)erforation  of 
cylindrical  articles  and  parts,  where  the  die  remains  stationary 
and  the  shell  is  rotated  successively  at  each  stroke  of  the  press, 
until  the  entire  surface  has  been  worked  upon.  By  means  of 
these  rotating  devices  shells  may  be  perforated  in  any  design  or 
pattern  of  perforations  by  means  of  a  single  row  of  dies,  the 
manner  in  which  the  shell  is  rotated  after  ejich  stroke  determin- 
ing the  pattern  of  the  perforations.  Anyone  who  has  noticed 
the  odd,  novel,  and  artistic  designs  in  the  perforated  shells  used 
on  gas  and  lamp  burners  and  fixtures  must  have  wondered  how 
they  c^m  lie  produced  so  cheaply.  The  secret  lies  principally  in 
the  devices  used  for  rotating,  and  farther  on  I  show  a  number  of 
such  devices  and  the  dies  and  tools  used  with  them. 

In  the  pt^rforating  of  flat  sheets  of  metal  the  construction  of 
the  dies  used  is  equally  similar  to  that  followed  out  in  the  "  gang  " 
tyi>cs,  and  they  are  used  on  work  ranging  from  ornamental  sheet- 
metal  articles  to  the  punching  of  holes  in  steel  beams  and  boiler 
plates.  The  holes  pierced  with  this  type  may  be  of  any  shape 
desired  and  may  be  spaced  in  any  manner  or  combinaton.  Often 
the  usual  conditions  are  reversed  and  instead  of  the  perforations 
l>(»ing  desired,  small  blanks  are  the  objects  sought,  a  number  of 
them  being  fed  to  the  dies  automatically.  Perforated  sheets  of 
the  dilferent  metals  are  now  in  great  demand  and  are  used  for  a 
variety  of  purposes  too  numerous  to  mention. 

ATT  ALIMENTS   FOR    CYLINDRICAL   PERFORATING. 

In  Fig.  504  is  shown  a  horizont^il  two-slide  foot  press  for 
l)nnching  simultaneously  two  holes  or  slots  on  opposite  sides  of 

drawn  shells.     The  die  is  located  in  the  centre  and  is  made  with 
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cntting -edges  ou  opposite  sides  and  witli  a  clearance  hole  throngh 
the  bottom  8S  an  escape  for  the  scrap  or  puuchings.  The  punches 
are  of  steel  rod  fastened  iu  punch-holders  or  chncks  which  are 
adjustable  and  mounted  ou  slides  provided  with  adjustable  gibs. 
Each  slide  is  arranged  with  an  adjustable  stop  to  allow  of  pierc- 
in);  shells  of  different  diameters.  Dies  of  this  type,  when  used 
iu  a  machine  of  the  kind  shown,  are  very  convenient  for  rapidly 
aud  accurately  producing  pierced  shells  for  lamp-burners,  satchel 
locks,  and  a  variety  of  other  pierced  work  requiring  holes  pierced 
on  opposite  sides. 

Figs.  505  and  506  show  two  different  sets  of  perforating  fixtures 
iu  position  on  presses  for  perforating  burner  shells  and  other 


cjliudriciil  sliiH^I  metal  articles.  Fixtin-es  of  the-se  types  are  used 
exteiisi\fly  fur  work  wliit-li  it  is  desired  to  i>eiforute  all  around, 
although  lioiiielimcs  used  to  perforate  in  sections  only. 

The  altnclinient  shown  on  the  pivss  in  Fit;,  505  is  used  for 
tuper  and  crowning  shells,  whieh  neces-si titles  the  setting  of  the 
die-holder  and  rotating  device  at  an  angle  with  the  lower  face  of 
the  slide.  The  shell,  aa  iwrforated,  is  shown  ou  press  bolster  at 
the  right, 

Fif;.  .'lOfi  shows  a  pi-ess  etpiipped  with  dies  and  fixtures  for 
iwrfoniling  small  close  patterns  in  hottondi^s  shells.     As  will 
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be  seen  from  the  engraving,  iu  which  a  die,  punch,  and  two  per- 
forated shells  are  shown  on  the  floor,  the  die  is  a  piece  of  steel 
with  two  rows  of  holes  iu  it  and  dovetailed  into  the  work -holder, 
while  the  punch  is  equipped  with  a  spring  stripper  aud  two  rows 
of  piercmg  punches.     The  dies  shown  located  in  the  press  are 


for  perforating  the  small  shell,  aud  the  ones  on  the  floor  for  per- 
fonitiiig  the  large  one  ahowu  at  the  right  at  the  bottom. 

In  the  attachments  of  the  types  shown  in  Figs.  505  and  506 
the  perforating  dial  with  a  chuck  of  suitable  shape  is  mounted 
on  a  die-holder,  aud  a  ratchet  having  teeth  spaced  to  suit  the 
holes  or  pattern  desired  is  mounted  and  arranged  to  rotate  the 
shell  at  each  stroke  of  the  press.     By  the  use  of  such  attach- 
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meats,  perforating  may  be  done  at  the  rate  of  160  to  200  strokes 
per  minute. 

The  adjustment  of  the  parts  of  theae  performing  attafifameats 
is  easily  and  quickly  made,  so  that  but  a  short  time  is  required 
to  change  the  attachments  from  one  style  of  shell  to  another. 
8  in  which  such  attsu-hmcnts  are  naeA  are  often  provided 


with  a  latch  lock  for  Ihc  clutcli  couiiiH-lioii,  which  is  automatic- 
ally released  aflcr  ciu-h  compk'le  riilatiim  i>f  Hit- iirlicle  on  the 
perforating  chuck,  Miiis  sloppiiif;  tlit-  pi-css  antonuiticiUy  after 
the  requisite  number  of  sirukes  ha^■l'  Ih'cii  nmdc. 
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PIEBCDTG   AND   BLANKING  SMALL  ABMATXIRE 
DISKS. 

In  Fig.  507  is  shown  a  eet  of  dies  as  located  in  an  adjostAble 
press  for  accurately  piercing  and  blanking  armatoi'e  disks  for 
small  generators  and  motors.  The  press  is  famished  with  an 
automatic  kuock-out,  and  its  inclined  position  allows  the  blank, 


after  being  punchetl  and  pierced,  to  be  lifted  oat  of  the  die  and 
slid  off  at  the  back.  The  pierced  blanks  are  usually  punched 
from  strips  .shcai'ed  to  the  iieces-sary  width.  The  constrnctiou  of 
the  dies  is  such  as  to  allow  the  outside  and  the  inside  to  be 
])nnched  simultaneously,  after  which  it  is  held  between  the  faces 
of  the  blanking  punch  and  the  pad,  and  descends  far  enough  for 
the  piereing  panches  located  around  the  die  to  pierce  holes. 
The  fiuished  disks  are  shown  t>eueatb  the  press. 
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KEEPING    SHEETS    OR    ARTICLES    STRAIGHT   WHILE 

PERFORATING. 

For  perforating  articles  of  considerable  size,  or  flat  plates 
which  are  required  to  be  kept  straight,  dies  of  the  usual  con- 
struction will  not  do  good  work,  as  on  such  dies  stationary  strip- 
pci-s  are  used  and  they  are  liable  to  distort  the  metal  to  such  an 
extent  as  to  require  subsequent  straightening.  To  overcome  this 
defect  a  press  equipped  with  a  cam-actuated  stripper  should  be 
used,  especially  on  accurate  work,  such  as  parts  of  clocks,  elec- 
trical instruments,  etc.  A  press  equipped  in  this  manner  is 
shown  in  Fig.  608.  The  stripping  device  is  such  as  to  leave  a 
clear  space  between  the  punch  and  die,  thus  allowing  the  ojier- 
ator  to  manipulate  and  observe  the  work  at  will.  The  action  of 
the  strii)per  when  the  press  is  running  is  as  follows:  The  strip- 
per plate  strikes  the  blank  or  article  first,  straightening  and 
clamping  it  before  the  punches  enter,  and  holding  it  under 
pressure  while  the  punching  and  stripping  are  being  accom- 
plished. In  this  numner  the  Hat  or  formed  i)iece  comes  out  per- 
f(Htly  straight  and  true.  The  punches  us(m1  when  a  press  is 
e([uipp(Ml  with  a  stnpi)er  of  this  type  may  l)e  made  considerably 
shorter  than  where  a  die  with  a  stationary  stripi)er  is  used,  thus 
making  them  more  durable.  Also  by  this  arrangement  a  smaller 
hole  in  ])rop(>rtion  to  the  diameter  of  the  punches  may  be  pierced, 
through  the  support  given  the  ]>unch(\s  by  the  movable  stripper 
up  to  the  point  where  they  enter  the  stock. 

PERFOKATIXCJ    LAKGE   SHEETS   OF   METAL   IN 

SPECIAL   DESKJNS. 

For  the  perforating  of  large  sheets  of  metal  in  designs  simi- 
lar to  those  shown  in  Figs.  509,  510,  and  511,  special  feeding 
arrangements  are  us(m1.  Some  of  the  patterns  arc  stagj^eied  and 
others  are  n^gular,  and  to  produce  them  a  single  row  of  *^gang'' 
punches  and  dies  or  a  double  row  is  used.  When  a  double  row 
or  "gang"  of  punches  and  dies  is  used,  the  metal  is  usually  fed 
automatically  by  means  o'  ^eed  to  a  press  of  large  and 

powerful  construction.  ction  of  the  punches  and 
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dies  for  such  work  is  such  as  to  allow  of  removing  any  one  or  a 
number  without  disturbing  the  others.  The  punches  are  usually 
located  in  a  cast-iron  holder  which  is  fitted  to  a  dovetailed  chan- 
nel in  the  face  of  the  press  ram.  They  are  short  and  stocky  and 
fastened  by  set-screws.  The  dies  are  usually  tool-steel  bushings, 
hardened  and  ground,  and  let  into  holes  drilled  and  reamed  in  a 
bolster  of  similar  make  to  that  used  for  the  punches.  The  bush- 
ings also  are  fastened  by  set-screws.     With  a  powerful  press 
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equipped  with  proi)er  feeds  and  punches  and  died  the  author  has 
seen  154  f -inch  holes  punched  in  ^-inch  plate  at  each  stroke  of 
the  press.  The  press  referred  to  was  used  in  the  works  of  a 
large  agricultural  machinery  concern  and  was  provided  with  a 
roller  feeding  attachment  consisting  of  four  adjustable  rolls,  6 
inches  in  diameter  and  54  inches  long,  which  fed  the  stock  auto- 
matically in  multiples  of  sixteenths  of  an  inch  up  to  four  inches. 
For  heavy  work  the  press  was  provided  with  back  geai-s,  which 
were  thrown  out  when  doing  light  work,  so  as  to  give  the  press 
a  higher  speed.  The  slide  adjustment  on  this  press  was  such  as 
to  allow  of  raising  or  lowering  it  to  overcome  the  shortening  of 
the  punches  through  wear. 


PRODUCTION  OF  PERFORATED   METAL  BY  THE 
ALLIS-CHALMERS  CJOMPAinT. 

One  of  the  largest  producers  of  perforated  metal  in  the  world 
is  the  ^Vllis-Chalmera  Company,  of  Chicago.  In  their  shops  im- 
proved machinery  is  being  constantly  provided  for  the  produc- 
tion of  i>erf orated  metal  in  the  endless  varieties  which  modern 
demands  necessitate.     The  chief  aim  in  this  plant  is  to  produoe^' 
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the  material  at  the  lowest  cost  and  iu  the  shortest  time  possible. 
This  object,  of  course,  can  be  attained  only  by  keeping  the 
machines  constantly  producing  perforated  sheets  of  the  siune  de- 
sign and  pattern.  Most  of  the  output  in  this  line  produced  in 
the  above-mentioned  shops  is  used  for  rotating  screens  for  stone, 
grain,  coal,  ore,  etc.,  the  perforated  plates  being  rolled  to  exact 
diameters  in  special  machines.  For  such  purposes  perforated 
metals  have  sui>ei'seded  and  are  far  superior  to  wire  cloth ;  being 
much  stronger,  more  uniform  in  size  of  hole  and  mesh,  less 
liable  to  tear  or  rust  out,  and  in  case  of  breakage  they  may  be 
easil}'^  repaired  or  replaced  without  affecting  the  entire  sheet.  In 
screens  for  various  purposes  it  is  often  desirable  to  arrange  them 
with  portions  left  blank.  This  can  be  easily  done  when  perfor- 
ated metal  is  used,  as  the  sheets  can  be  perforated  in  a  press 
equipped  with  a  feed  which  can  be  adjusted  to  feed  unequal 
spacings. 

nORXING   AND  SEAMING  PROCESSES. 

In  the  manufacturing  of  pieced  sheet-metal  ware,  the  proc- 
esses of  ^^ horning"  and  ^^ seaming"  play  a  very  important  part. 


Vui.  51»'. 


and  a  large  variety  of  ingenious  devices  and  fixtures  is  used,  giv- 
ing rapid  and  accurate  results.  The  processes  are  essentially 
assembling  and  preparing  ones,  jus  they  assemble  flat,  rouud,  and 
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irregular  parts,  and  ofteu  prepare  them  for  Bubsequent  opera- 
tions of  wiring,  curling,  etc.  The  euccessivff  stages  of  a"lock" 
Beaiu  ui'e  showu  in  Fig.  612  and  a  press  equipped  with  the  tools 
ill  Fig.  ol3.  The  manner  in  which  an  inside  or  an  outside  Beam 
18  finished  is  shown,  two  blows  being  necessary  for  each.  The 
first  opei-ution  is  the  forming  of 
the  liooks,  and  the  second  the 
cnisliiug  down  and  locking  to- 
gether. There  is  a  large  variety 
of  work  which  requires  finishing 
with  locki-d  seauis  of  this  kind. 

For  the  double-seaming  of 
bottoms,  tops,  and  parts  of 
round  bodies  together,  the  work 
is  accomplished  by  special  ma- 
chinery and  dies  are  dispensed 
with.  A  machine  for  this  work 
is  shown  in  Fig.  614  and  dia- 
grams of  the  work  done  on  it 
ill  Figs.  516  and  516.  These 
machines  are  used  extensively 
for  double  seaming  "flat  bot- 
toms" on  to  tea-kettles,  coffee-  cu ■""■ 
pots,  pails,  and  similar  goods  in  the  tin  and  enamelled  iron- 
ware line. 

The  lower  spindle  carrying  the  "inside  chuck  or  roller"  is 
mounted  on  a  sliding  plate,  which  is  drawn  foiwai-d  for  putting 
on  and  taking  off  the  articles.  In  the  case  of  flaring  pails,  dish- 
pans,  and  other  articles  which  are  smaller  at  flie  bottom  than  at 
the  top,  the  double  seaming  is  done  against  a  solid  plate  of  the 
size  of  the  bottom,  mounted  on  the  sliding  spindle.  For  buckets, 
cups,  and  other  straight  articles  collapsible  chucks  are  used. 
These  chucks  are  so  made  that  they  spread  to  fit  along  the  edge 
of  t)io  bottom  when  the  article  is  carried  np  against  the  upper 
chuck,  and  fold  together  after  the  work  is  done  to  permit  the 
rapid  and  easy  remo\'al  of  the  seamed  article. 

For  double -seaming  bottoms  or  tops  stamped  or  drawn  with 
a  burred  edge,  as  per  Fig.  617  and  518,  a  fixtnre  called  a  deflect- 
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iiig  device  is  required  and  may  be  readily  attaebed  to'the  ma- 
cbiue.  The  diagrams  show  the  steps  iu  whicli  the  aeamiug  is 
doue;  the  deflectiiig  device  iierforms  the  second  of  the  tliree 
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operations.  The  use  of  burred-edge  blanks  for  the  bottoms  of 
round  work  offers  the  advantage  of  easily  centring  the  bottoms 
on  the  bodies.  For  a  great  many  articles,  however,  plain  bot- 
tom blanks  are  preferred.  In  that  case  the  deflecting  device  is 
dispensed  with,  and  instead  of  it  two  brackets  are  attached  to  the 
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Fni.  5  5.  Fig.  510. 


machine,  carrying  three  adjustable  rolls  for  centring  the  blanks 
or  bottoms  on  the  bodies,  before  clamping.  For  heavy  stock  it 
becomes  necessary  sometimes  to  have  a  slight  depression  in  the 
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Fig.  517.  Fig.  618. 
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centre  of  the  bottom  blank  corresponding  with  a  slight  projec- 
tion on  the  clamping  plate,  so  as  to  prevent  the  pressure  of  the 
seaming  rolls  from  i)ushiug  the  bottom  away  from  its  central 
position. 

For  a  certain  kind  of  work  a  press  specially  equipped  with 
an  automatic  fixture  for  double  horning  or  seaming  is  used.  By 
means  of  this  automatic  fixture  the  two  corner  seams  on  large 
square  cans  having  round  corners  with  seams  in  the  centre,  may 
be  closeil  at  one  blow.  Tins  with  sharp  corners  require  a  "  coax- 
ing ''  operation  on  a  single  horn  to  start  the  seiim  over  before 
setting  over  on  a  double-horn  press.     The  horn,  which  is  movable 
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iu  ways,  has  two  working  surfaces,  the  upper  one  beiug  acted 
upon  by  a  ^' force ''  bolted  to  the  press  slide,  while  the  lower  one 
in  descending  with  the  slide  acts  against  a  stationary  force  fast- 
ened to  the  bed.  It  will  be  understood  that  the  two  body-halves 
of  the  can,  loosely  hooked  together,  are  pushed  over  the  sliding 
horn,  as  shown  in  Fig.  519,  which,  by  means  of  adjustable 
gauges,  secures  accurate  size  and  position.     By  the  use  of  a 
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double-horn  machine  tlie  capacity  of  the  operator  is  nearly 
doubled  avS  compared  with  what  can  bo  done  on  an  ordinary 
horn  press.  Presses  equipped  with  fixtures  for  double  seaming 
are  used  extensively  for  stniming  5-gallon  jwtroleum  cans,  as 
per  Fig.  520. 

Double -seaming  machines  (Fig.  521)  for  seaming  articles  of 
irregular  shape  differ  from  thost*  of  the  type  shown  in  Fig.  614 
in  that  they  allow  the  seaming  rolls  to  follow  automatically  the 
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shape  of  the  can.     As  tbey  do  Ibe  seaming  at  the  top  of  the  can, 
they  are  preferable  for  filled  cans.    In  action,  the  pressure  on 


the  foot  li-eadle,  which  Cannes  the  pressnre  plate  to  clamp  the 
can  and  lid  against  the  chuck,  also  throws  in  the  friction  clutch 
which  starts  the  work.     The  double-seamiiig  rolls,  controlled  by 
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a  earn  made  in  a  piece  with  the  chuck  and  finished  to  the  shape 
of  the  can,  follow  the  shape  of  the  can  antoniatically,  while  the 
necessary  pressure  to  form  and  finish  the  seam  is  imparted  by 
the  handles.  These  pressure  handles  in  such  machines  are  so 
arranged  as  to  relieve  the  hand  of  the  oi)erator  from  all  vibra- 
tions due  to  the  irregular  shape  of  the  cans.  Adjustments  for 
different  heights  of  work  can  be  readily  made  by  means  of  a 
hand-wheel,  and  for  different  shapes  by  exchanging  the  can 
chuck,  which  can  be  done  in  a  few  minutes. 

The  rolling  of  seams  on  square  cans  is  usually  accomplished 
in  the  following  manner:  The  can  is  firmly  held  between  two 
disks  made  exactly  to  fit  the  heads  of  the  can ;  the  upper  disk 
being  moimted  on  a  vertical  shaft  fastened  rigidly  to  the  upper 
l)art  of  the  main  frame  of  the  machine  and  the  lower  disk  to  a 
shaft  i)assing  through  the  lower  part  of  the  frame  and  prevented 
from  turning  by  an  arm  running  in  the  guides,  but  capable  of 
vertical  motion  imparted  to  it  by  a  cam  on  the  treadle  shaft. 

The  steel  rolls  which  operate  on  the  seam  at  the  top  and  bot- 
tom are  carried  by  a  frame  M^hich  rotates  upon  the  upper  and 
lower  statiouarv  shafts  and  revolves  around  the  can.  These  rolls 
are  mounted  on  levers  pivoted  in  the  rotating  frame,  the  oppo- 
site ends  of  the  levers  being  finished  with  rolls  bearing  against 
star-shaped  stationary  cams  in  two  vertical  shafts  which  gives 
the  ^* in-and-out  motion  ''  required  in  passing  around  the  corners 
of  the  cans.  The  rotating  f riune  carries  two  sets  of  these  rollers, 
which  press  upon  opposite  sides  of  the  can  at  both  toj)  and  bot- 
tom, thus  equalizing  the  side  pressure  and  rolling  the  seams  more 
perfectly  than  would  be  possible  by  the  use  of  the  single  set  of 
rolls,  each  seam  being  rolled  twice  in  each  revolution.  There 
are  additional  cams  provided  which,  as  the  machine  comes  to  a 
rest,  move  the  rolls  outward  from  the  surface  of  the  cam,  so  that 
the  latter  may  be  removed  from  the  machine.  Attached  to  the 
iHittom  of  the  rotating  fmnie  is  a  bevel  gear  meshing  with  a  pin- 
ion on  the  pulley-shaft.     The  pulley  is  provided  with  a  friction 

clutch  controlled  bv  the  treadle. 

*, 

A  cam  being  placed  upon  the  lower  disk,  the  foot  treadle  is 
pressiMl  and  the  can  is  raistnl  and  clamped  firmly  between  the 
upper  and  lower  disks.     The  clutch  is  then  thrown  in,  and  the 


INTERCHANGEABLE  MANUFACTURING.         447 

roller  frame  makes  one  revolution  arouud  the  can,  the  latter 
remaining  stationary.  After  completing  the  one  revolution  the 
clutch  is  automatically  released,  the  rolls  are  thrown  outward 
and  the  lower  disk  drops,  leaving  the  can  free  to  be  removed. 
The  eapjicity  of  these  machines  is  from  9,000  to  12,000  cans  in 
ten  hours,  and  the  saving  of  solder  alone  by  the  use  of  each  ma- 
chine amounts  to  from  $15  to  $18  per  day. 

For  double-seaming  the  bottoms  on  large  heavy  work,  such 
as  foot-tubs,  bath-tubs,  wash-boilers,  cauldrons,  and  other  large, 
oval,  oblong,  or  square  articles,  when  the  bottoms  are  required 
to  be  fastened  without  the  usual  recess  next  to  the  double  seam, 
a  large  machine  of  special  design  is  used. 

In  this  machine  a  high  chuck  is  used,  fitting  the  inside  of  the 
article,  and  the  double-seaming  is  done  against  the  inside  of  this 
chuck.  In  order  to  establish  the  correct  position  of  the  bottom 
blank  in  relation  to  the  body,  the  blank  is  usually  stamped  with 
a  slight  depression  at  some  distance  from  the  edge,  which  fits  a 
corresponding  depression  in  the  top  of  the  chuck.  To  facilitate 
the  taking  off  of  high  articles,  there  is  usually  an  upper  arm  on 
the  machine  which  carries  the  clamping-plate  that  is  arranged 
to  swing  ont  of  the  way. 

For  the  double-seaming  of  tops,  bottoms,  or  parts  of  special 
shaped  articlCvS,  special  chucks  and  devices  are  necessary ;  how- 
ever, the  principles  involved  are  all  very  much  the  same  in  all 
work  of  this  class,  and  a  knowledge  of  the  methods  in  general 
use  will  enable  anyone  to  accomplish  the  desired  results  without 
trouble. 

CURLIXG  AND   WIEIXG  PROCESSES. 

I  will  here  take  up  a  class  of  press  tools  and  fixtures  to  ac- 
complish results  in  sheet  metal  which  a  few  years  back  were  pos- 
sible to  attain  only  by  spinning.  The  operations  in  which  theae 
tools  are  used  are  curling  and  wiring  operations,  respectively. 
Curling  is  producing  a  curled  edge  around  the  top  of  any  formed 
or  drawn  articles  of  sheet  metal.  Wiring  is  the  curling  of  the 
top  of  such  an  article  around  a  wire  hoop  when  it  requires  stiflf- 
eniug.  The  tools  used  for  either  curling  or  wiring  are  of  almost 
the  same  construction. 
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lu  straight  work  and  work  but  slightly  flared  simple  dies  can 
be  used  to  turn  the  metal,  when  wiring,  around  the  wire  and 
under  it,  perfectly  at  one  stroke  of  the  press.  From  2,000  to 
8,000  i>ieces  can  be  wired  per  day  of  ten  hours. 

Figs.  523,  527,  530,  and  531  show  cross-sections  of  dies  which 
may  be  used  for  curling  the  edges  of  circular  drawn  shells.  Of 
course,  it  is  impossible  to  see  the  action  of  the  metal  in  work  of 
this  kind  while  the  die  is  working,  but  by  noting  the  condition 
„  ,     „  of  the  shells  at  intervals  during  the 

curling,  by  working  the  die  down  and 
up  by  hand,  the  process  can  be  seen 
and  understood.  The  groove  in  the 
upper  die  (or  lower  die,  as  the  case 
may  require)  must  be  finished  at  the 
back  to  a  i>erfect  half-circle  of  the 
radius  required,  and  must  be  lapped 
and  polished  until  free  from  all  cuts 
and  scratches,  in  order  to  get  a  clean, 
smo<3th  curl.  The  sketches  in  Fig. 
522  show  hoM'  the  upper  die  curls  the 
edge  of  a  half-round  shell.  In  the 
first  stage  A  the  metal  has  commenced 
tt)  eurl;  at  the  next  stage  B  the  metal 
lias  eurled  to  a  half-eirelo  of  the  width 
of  the  curling  groove  in  the  upi)er 
(lie.  At  Cthe  third  stage  is  shown; 
the  punch  continuing  downward;  as 
the  edge  of  I  he  shell  ])asst*s  the  centre 
of  the  curling  groove  the  pressure  is 
exerted  on  the  top  of  the  half-round 
curled  c^lge  and  causi'S  \\w  nielal  to  eurl  further  around  until 
th(»  circle  is  couii>lct(\  as  shown  at  7>.  In  this  manner  only  one 
operation  is  neci'ssiiry  to  curl  the  edge  of  a  shell  of  the  type 
shown,  as  the  nielal  once  started  anmnd  the  curling  groove  of 
the  ni>i>er  die  \\\\\  foll<»w  {\w  curl  on  the  same  radius  as  long 
as  the  pres.sure  continues,  or  until  the  edge  strikes  the  side  of 
the  shell,  when  it  will  curl  within  the  ih-st  curl.  Thus  a 
shell  may  Ik*  (piart(»r  curled,  half  eurled  or  completely  curle<l 
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by  the  same  die,  accordii^  to  the  length  of  stroke  to  which  the 
die  is  set. 

\Vheii  the  edge  of  a  shell  of  the  shape  shown  at  Fig.  524  is 
desii'ed  to  be  curled  as  sbowu  at  526  the  work  will  reqaire  two 


(li<«.     Tlie  tirKt  die  ia  to  bend  or  form  tlie  edges  to  the  upright 
position  iuid  the  second  die  to  curl  the  edge.     This  second  die  is 


-^r 


shown  in  Pig.  527.     The  upper  die  is  made  so  as  to  make  the 
entering  of  the  edge  of  the  shell  positive  within  the  curling 

Fli:.  ^'i.  PlO-  6%. 

groove,  and  also  so  that  the  straight  inner  wall  will  hold  the  wall 
of  the  shell  while  the  edge  iB  curling,  thus  preventing  any  bulg- 
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iiig  daring  the  procoss,  which  would  occur  if  tbe  inside  of  the 
tool  Tiis  finished  like  the  uutside.  lu  this  niauner  the  metal  is 
held  tightly,  and  as  the  i-ani  descends  it  must  follow  tlie  shape  of 
the  curling  groove. 

The  curling  of  tlie  edges  of  drawn  shells  by  means  of  dies  of 
the  above  type  is  done  in  endless  variety ;  the  articles  worked 


upon  ranging  from  shoe  eyelets  to  bath-tubs,  of  Iwtli  round  and 
iiregular  shapes.  Tlie  design  and  construction  of  the  tools  de- 
pends en  the  shape,  the  tliickTiess  of  inctal,  and  the  diameter  of 


cnrl  recmiifd ;  ho\vt;ver,  the  principles  of  cousti-nction  involved 
aie  the  sjime  in  all  of  them. 

The  tools  in  Fig.  530  show  how  shells  of  different  shape  may 
be  curled.  For  the  operation  shown  at  A  and  B  a  eombinatiou 
die  and  a  bending  die,  respectively,  are  used.  The  curling  as 
shown  at  C  is  done  in  the  d--    '  ^wn. 
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The  mauiKT  ill  wbicb  curling  dies  are  used  for."  wiring  "  on 
both  large  and  siiiull  work  will  be  understood  from  Figs.  R-'ll 
and  532.    ■ . 

Dies  of  this  typo  may  l>e  used  for  "wiring"  oi'  simple  "curl- 
ing" on  round  or  oval  shells,  as  long  sis  Ihcy  are  str.iight  or 


Dearly  straight  walled,  and  are  properly  suppoi-fetl  during  the 
process.  A  tool-stoel  ring  A  14  attached  to  the  puiiphlioldor. 
The  inuer  diameter  of  this  ring  must  Jit  accurately  the  inside  of 


the  shell  to  be  wired,  so  as  to  pre\  ent  bulging  or  crimping  of  the 
walls.     When  "wiring,"  ihe  ring  li  is  ust-d  in  the  lower  die. 

When  the  dies  are  in  use  a  wire  hoop,  which  fits  the  outer 
diameter  of  the  shell,  is  placed  in  position  on  the  ring  £and 
around  the  shell  which  is  located  within  the  dies  as  shown.     The 
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ram  theu  4^cen<is  and  the  edge  of  llie  ahell  is  curled  aroiiiid 
.the  hoop,  euclosiiig  it  wiUiiii  it,  oh  kIiuwii  at  the  bottom  of 
the  cnl. 

A  ciii-Iiiig  pniich  and  die  for  curling  deep  sliella  or  articles 
of  tbiii  Bliect  metal,  and  a  sectinri  of  the  prrss  in  which  it  waa 


used,  ai-e  slmwii  in  Fin-  ■'>3;i.  The  piitidi  i.s  lociilitl  and  t'lMtenetl 
within  the  mm,  while  Hie  die  is  on  a  sliding  tahlo  whidi  may  be 
pulled  back  and  foHh  by  the  operator.     The  horn  or  die  for 


kii'alini;  the  work  is  uf  sli^tlit  lav>fv,  lunl  ciniseqiu'iitly  n  solid  oiie- 
piwe  curling  punch  can  l»e  need,  a»  tlie  de<'rease  in  diameter 
when  curling  ia  so  elighl  that  contraction  of  the  curling  ring  in 
uuuecessary.     When  in  use,  Ihe  table  on  which  the  horu  or  die 
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is  located  is  pulled  out  to  allow  the  article  to  be  8lipi>ed  over  it. 
This  is  done,  and  the  table  is  moved  back  to  place  against  the 
stop  shown.  The  pniich  then  descends  and  the  edge  of  the 
article  is  curled.     The  punch  ascends,  the  table  is  pulled  out,  Ifao 


work  is  removed,  another  piece  is  located,  and  tlie  operation  is 
repeated.  When  a  pi-ess  witli  an  automatic  die  slide  is  used  the 
curling  or  wiring  is  done  more  rapidly. 

MANUFACTURING  ARMATURE  DISKS  AKl) 
SEGMENTS. 
The  adoption  anil  use  of  dies,  power- presses,  and  special  sheet- 
metul  working  machinery  for  the  economic  production  of  parts 
of  electrical  apparatus  has  hiul  great  development  during  the 
jiast  few  yeiirs;  so  that  to-day  e.stab)ishmcuts  t.liiit  manufacture 
sheet-metal  working  machinery  dispose  of  a  great  portion  of 
their  product  to  electricnl  machinerj'  manufacturing  concerns. 
One  has  only  to  examine  an  clcctriejil  device  or  a  machine  to 
realize  what  a  fiictor  the  power-press  has  become  in  their  pro- 
duction. The  parts  of  electrical  apparatus  for  the  production 
of  which  such  machinery  is  used  most  exteusively,  are  armature 
disks  and  segments  for  motors.  It  is  at  once  obvious  that  the 
requirements  for  such  work  have  led  to  the  designing  of  dies, 
presses,  and  special  machinery  which  differ  in  essential  details 
from  those  used  in  the  general  and  more  familiar  classes  of  sheet- 
metal  working. 
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All  arniiitiii'c  cousisti*  of  a  wii-efl  "core"  cniiipoised  of  tliin 
ijlieet-ii-UM  iilaloji  ur  (li.skfi  avcriiging  fit)iii  .010  tu  .040  thick  and 
10  to  100  iii<;h(.'s  in  diiimc-ter.  In  many  of  the  best  uiuiatures  the 
disks  ai'u  {irodiiced  by  ininehiii};  tlie  centra  hole,  key  slots  and 
iiotolios,  or  windiii{r  kIoIs,  simultauiiously  at  one  stroke  of  the 
pi'csci.  Tlut  small  sizes  a,iv  tliiis  produced  in  dies,  while  the 
larf.'(M'  ones  are  i>i-tHln(5vd  in  Mictions  or  segments  of  as  large 
size  iis  it  is  possil)K*  to  procnra  iron  foi-.  In  the  cheap  and 
inferior  anmitun-s  llie  disks  nw  first  punched  from  plaiu  sheets; 
the  punc-liiii};  of  tlie  iiMilie  holes  and  the  key. slots  is  a  second 


iI»cni1ioii.  allcr  wliidi  i!ii-  itisks  ui-e  as.scnibh'd  on  shafts,  the 
<utsid<-  lunii'd  t<>  l)u'  r<-i|iiJM'd  iliiiiiieler.  and  tlie  slots  milled  on 
.  iinivfi'sal  iiiilliii^niarliiiii'. 

^facliiiies  :iikI  iliis  iisi-il  I'nr  iiTtliii^  anil  pe  if  orating  armature 
lisks  anil  si-;;infiils  dlllci'  ai'vi.iilini;  In  till'  si/e  and  shape  and 
iiiiiibiT  ur  ijuaiiniy  i'i'i|uin'il.  Tlii-ii-  arc  in  fjeiicnil  use  four 
:ii'llio<)s  U'Y  <-iiltiii;;  ai'iaatinv  disks.  On  the  sixe  and  quantity 
f  ilisks  d.-sir.->l  iU-|H-nils  (III-  |>iin'li<-al  \'aliii-  of  each. 

Hisks  i>f  vi-iy  hir-c  dianii'tiTs,  ur  Iho.sc  leiiniit'il  in  relatively 
mall  lols.  arc  usually  (irsl  cm  jilain  by  shearing  the  outside  cir- 
le  and  al'tcrwaid  the  iiuicr  circles  on  circular  sliciiriiig  machines 
f  the  type  shown  ill  I'i-r.  XW.  Asslunvn.  the  lower  cutter  is  ill 
II  aiijiiilai'  ]to>i[i..ii  relalively  |o  ilic  upper,  s..  as  to  i>erniit  tlie 
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making  of  a»  cleau  a  cut  on  tbe  inside  as  ou  tbe  outside.  Disks 
cut  in  tbi3  manner  ai'c  afteiward  notclied  on  an  automatic  notch- 
ing machine  of  the  tyi>e  shown  iti  Fig.  535.  A  plain  blanking 
or  notching  pnncb  and  die  are  lowited  in  the  press  portion  at  the 
left  and  a  circular  disk  claini)pd  between  Ibe  two  }}aAs  of  the 
indexing  and  revolving  the  mechanism  at  the  I'ight.  Tlie  index- 
ing is  entirely  automatic,  the  spacing  and  number  of  notches  la 
a  disk  depending  on  the  arrangement  of  tbe  gearing. 

In  this  machine  the  adjustment  for  difTerent  diameters  is 
made  by  simply  turning  tbe  band-wbecl  shown.     The  adjust- 


ment for  different  nunil>ers  of  notches  is  effected  by  mcaus  of 
the  chaiiye  geiirs  shown,  instead  of  a  jiawl  and  index-plate  device 
as  is  nsuiillj'  em]>loyed.  Ench  set  of  geiirs  can  be  arningeil  to 
answer  for  IliR'e  different  iinrnbci-s  of  notches.  The  index  feed 
iselTi'cted  by  nu'iius  of  ii  "Geneve"  stop  movement;  but  abso- 
lute correct  indexing  is  assured  by  tbe  use  of  a  positive  cam- 
actuated  locking  device  for  the  indexing  arbor. 
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lu  connectiou  with  the  puuch  and  die  used  in  a  machine  of 
this  tyx)e  a  spring  stripper  is  used,  so  as  to  leave  a  clear  space 
above  the  die ;  making  it  easier  to  introduce  a  new  disk,  and  at 
the  same  time  provide  for  holding  the  disk  under  pressure  when 
the  notch  is  being  punched.  This,  consequently,  obviates  the 
necessity  of  using  a  clamping  plate  over  the  centre  of  the  disk. 


Fig.  636. 


Fio.  687. 


When  disks  of  the  polyphase  motor  type,  having  holes  or 
notches  punched  in  the  inner  periphery,  are  required  to  be 
notched  in  a  luiichine  of  this  type,  it  is  necessary  to  do  the 
notching  before  the  large  inner  circle  is  removed,  as  its  surface 
is  needed  for  carrying  the  disks  in  notching.  In  such  disks  one 
or  two  small  holes  are  previously  punched  in  that  portion  of 
them  that  is  afterward  cut  away,  in  order  to  serve  as  guides  in 
the  notching  and  centre-hole  punching  operations. 

The  kind  of  disks  which  are  of  moderate  diameter  and  most 
frequently  required  in  large  (luantities  are  those  used  for  street- 
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Fig.  5:«. 


Fio.  540. 


car  motors.  To  produce  them  poweiful  power- pi^esse-s  are  used. 
These  presses  are  equipped  with  dies  so  constructed  and  arranged 
that  the  inside  of  the  disk  with  its  key-slot,  and  the  outside  with 
its  notches,  are  cut  simultaneously  at  one  stroke,  as  shown  in 
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Fig.  540.  This  melhod  coustitules  tlie  quickest,  most  acpuralp, 
and  (H-oiioinieal  way  of  mautifucturing  armature  disks  in  large 
quantities.  The  preases  iu  whicli  sucli  dies  as  are  neeessai-y  f<tr 
sucli  work  are  used,  are  provided  with  knock-out  attachments 
which  dist^harge  the  scrap  and  the  disks  so  that  they  lie  loosely 
on  top  of  the  dies,  thus  allowing  of  their  easy  removal. 

Iu  regard  to  the  power- pi-esses  used  for  disk  punching,  it  may 
be  stated  that  the  i-eiiuirements  of  armatui-es  for  electric  work 


.<"^' 


'^^S^r-. 
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have  led  t^o  the  coustruction  of  presses  which  ditl'er  in  points 
from  those  used  for  other  styles  of  sheet-metal  workiug.  As  it 
is  always  essential  to  have  the  outside  and  inside  exactly  concen- 
tric, so  that  al!  notches  iu  the  disks  shall  coincide  perfectly  with 


one  another  when  iisspnibled  in  "coies, "  it  has  lieeii  found  Ivst  to 
adopt  dies  which,  by  being  cut  simultaneously,  eliminate  the 
inaccm-acies  which  are  welluigh  unavoidable  when  the  cutting 
is  done  in  two  or  more  ojierations.  In  many  cases,  the  notches 
and  key-seats  are  also  punched  at  the  same  time.  To  accoui- 
plish  these  results  iu  one  operation,  die«  of  great  accuracy  are 
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required,  whicli,  in  tuldition  to  the  cutting  parts,  must  be 
equipped  with  '^knock-out "  pads  that  will  automatically  deliver 
tlie  pnneh(»d  disks  and  scrap  from  within  the  dies.  The  dies 
used  in  these  methods  of  producing  the  disks  are  known  as 
"compound  dies,"  and  are  usually  built  up  in  sections  which 
have  been  hardened,  ground,  and  lapped  to  size.  However,  not 
infrequently,  they  are  made  in  tlie  iLsual  manner,  but  the  results 
are  not  so  accurate.  These  compound  dies  are  very  expensive, 
costing  all  the  way  from  ^150  to  $1,000  each.  Fig.  543  shows 
X)hins  of  a  compound  punch  and  die.  As  a  rule  these  compound 
dies  are  used  in  i)resses*  provided  with  upper  and  lower  die 
kiK)ck-outs  thus  obviating  the  necessity  of  the  strippers  in  the 
dies.  The  die  sections  are  located  in  a  steel  casting.  The  rings 
are  of  tool  steel,  carefully  and  accurately  worked  out,  hardened 
and  ground  to  size,  while  the  remaining  ones  are  left  soft.  The 
dark  sections  in  the  figure  indiciite  the  cutting  parts. 

As  the  installation  of  the  above-described  method  entails  a 
great  deal  of  expense  and  can  be  adopted  economically  only 
where  disks  are  required  in  large,  steady  quantities,  it  is  at  once 
apparent  that  the  dies  would  l)e  too  costly  to  use  for  producing 
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disks  in  siniill  lots.  For  this  ivason  anothrr  method  is  in  vogue. 
This  method  consists  of  <Mittin<r  out  simultaneously  the  plain  out- 
side and  the  hol(\  as  sliown  in  V'v^.  .VUi,  an<l  then  ])nnching  the 
notches  on  a  not<*hin<;  pr<'ss.  I>y  this  method  a  ]»erfeetly  con- 
centric blank  is  ]»ro(lue<*(l  ready  to  be  notched.  As  by  this 
method  the  outside  notehes  are  cut  sei)arately.  the  i)ower  of  the 
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presses  in  which  tlie  work  is  done  is  equal  to  much  larger  diame- 
ters than  tliose  iLsed  in  the  method  before  described. 

In  producin*^  very  large  disks  there  is  a  great  deal  of  scrap, 
but  this  scrap  is  prevented  from  going  to  w^aste  altogether  by 
being  worked  over  into  disks  of  smaller  size.  From  the  inside 
scrap,  the  projections  corresponding  to  the  key  notches  are  re- 
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moved  by  forcing  the  disk  through  a  circular  trimming  die  which 
punches  the  centre  hole  at  tlie  same  time,  and  thus  no  great 
waste  of  stock  is  entailed. 

In  manufacturing  armature  segments  in  very  large  quantities 
the  outside  aiui  the  holes  ai*e  usually  but  simultaneously  in  dies 
in  which  the  stripping  of  the  scrap  and  the  segments  fix)m  them 
is  entirely  automatic,  for  both  the  upper  and  lower  sections.  A 
press  specially  designed  and  used  for  this  chiss  of  work  is  shown, 


ecpiipped  with  proper  tools,  in  Fig.  547.  The  cutting  of  sec- 
tions and  segments  complete  with  dovetails,  and  all  notches  and 
holes  up  to  Wol  inches  long,  can  be  done  on  a  press  of  this  sort. 
Ho  Winer,  most  segments  of  large  size  are  tirst  punched  x>lain  and 
the  notching  and  i)erforating  are  done  in  succeeding  operations. 


460  TOOL-MAKING. 

Wheu  the  plain  aegineiit  blanks  are  not  produced  in  dies,  a 
circular  sbuir  of  the  same  type  as  that  used  for  disk  cutting  is 
used;  it  t>eing  equipi>ed  with  a  segment-cutting  attachment,  as 
shown  in  Fig.  645. 

In  Fig.  546  we  have  a  side  view  of  an  armature -segment 
notching  press.  The  segment-notching  attechment  on  this  ma- 
chine allows  of  handling;  segments  having  a  radins  of  from  36  to 
9G  inches  and  up  to  36  inches  in  length.     The  manner  in  which 


the  Nffjnu'iits  iii-i'  imtclifil  is  iis  foUiuvs:  Tlu'  segment  to  be 
iiolctifd  is  cluijipi'd  iti  a  bolder  :it  the  furwiird  end  of  a  long 
nidius  hai',  and  is  ti-aveised  acriws  the  die  face  by  means  of  an 
iiHk'.\iii;r  median  ism  and  clmntre  gears  simihir  to  those  on  the 
regular  disk  notching  pi-css;  when  the  st^gment  is  notched  all 
around  the  outside  oi-  inner  edge  jus  i-equirtxi,  the  press  stops 
antomatically.  After  the  oiH'i-ator  releases  a  hand  lever  the  seg- 
ment may  be  returned  to  its  original  position  and  removed  from 
the  press. 


CHAPTER  XXVIII. 

The  Manufacture  of  Accurate  Sheet-Metal  Parts  in 
the  Sub-PresB. 

THK  HUJ1-PREW8. 

Tub  great  iuci-eiise  in  the  man nfiwt lire  of  iiiiiiiiiHTiibk'  siiiiill 
tna^^tiiueH  of  precision  which  are  made  up  almost  eutireiy  of  slieet- 
luetal  partR,  together  with  the  lucreiisiii];;  demand  for  cheap  but 


accuralt!  watches,  chicks,  time  recordei-s,  metei-s,  cyclometers, 
and  otlier  articles,  the  utility  of  which  depends  entiivly  npou 
their  precision,  has  created  a  demand  for  accurate  presses,  dies, 


J 
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feeding  <levice.s,  and  automatic  arrangements  with  which  to  pro- 
duce sheet -metal  parts  in  endless  repetition  with  their  complete 
iuterchangeability  assured.  For  the  production  of  such  parts, 
dies  of  great  accuracy,  together  with  feeding  devices  which  are 
positive  in  action,  and  the  sub-press  are  necessaiy. 

Sub-presses  are  distinctly  different  from  the  other  machines 
which  ai^  ustnl  for  the  usual  or  ordinary  lines  of  sheet-metal 
work,  in  that  they  are  made  so  as  to  form  component  parts  of 
the  dies,  and  that  they  are  used  almost  exclusively  for  the  deli- 
cate dies  which  are  required  in  the  economic  manufacture  of 
parts  of  the  kind  used  in  the  machines,  devices,  ete.,  enumerated 
above. 

UTILITY  OF   THE  SUB-PRESS  XOT  GENERALLY 

UNDERSTOOD. 

Notwithstanding  the  extensive  use  to  which  the  sub-press  and 
its  accurately  made  dies  have  been  i>ut,  its  use  and  the  making 
of  the  dies  for  it  are  not  understood  by  superintendents,  fore- 
men, and  tool-makei^s  of  sheet-metal  goods  establishments  as  they 
should  be.  Thus  the  more  extensive  use  of  tliese  tools  1ms  been 
interdicted.  Were  the  ease  ()therwis(^  and  the  utility  of  the  sub- 
press  and  the  making  of  its  dies  more  generally  understood,  there 
would  be  less  worry  ainl  more  satisfaction  in  the  accomplishment 
of  results  which,  in  many  establishments,  are  at  present  being 
attained  by  nusuis  which  are  now  obsolete,  lu  view  of  this  state 
of  affairs  1  feel  that  complete  descriptions  of  the  sub-prCvSS,  and 
how  to  use  it  and  its  dies,  Mill  be  of  great  value  to  all  engaged 
in  the  manufacture  of  accuiate  sheet-metal  parts,  articles,  or 
devices. 

PUIXCIPAL   USE   OF   THE   SUR  PRESS. 

The  ])rincipal  use  to  which  th<*  sub-press  is  put,  is  for  the 
manufacture  of  sheet-metal  parts  which,  brcausc  of  their  unusual* 
accuracy,  have  to  be  produced  in  dies  which  cut  the  outside  and 
the  inside,  as  w(*ll  as  any  perforations,  siniultanrously,  or  at  least 
within  the  one  compound  die.  Hy  the  usi*  of  the  sub-press  and 
its  accurate  dies  the  finest         '    may  be  accomplished  with  ease. 
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as  the  dies  may  always  be  kept  finely  adjusted  for  the  work; 
while  the  eulinemeDt  will  be  perfect,  aud  thus  the  possibility  of 
shearing  will  be  entirely  eliminated. 

COST  VS.    LONGEVITY   OF   THE  SUB-PRESS. 

In  regard  to  the  cost  of  a  sub-pi'ess  and  a  pair  of  dies  for  pro- 
ducing an  intricate  sheet-metal  part,  the  first  outlay  is  consider- 
able; but  then  this  is  really  all  the  cost,  as  the  construction  of 
the  press  is  such  that  no  damage  can  be  done  to  it  while  it  is 
being  set  up  or  run  in  the  power-press;  while  the  die-s  for  it 
require  but  little  repaii's  outside  of  an  occasional  grinding  of  the 
faces.  When  it  is  stated  that  from  50,000  to  100,000  i)erfectly 
interchangeable  blanks  may  be  cut  and  pierced  in  a  sub-press 
without  grinding  the  punch  and  die  faces,  the  accuracy  and  long- 
evity of  the  tools  may  he  imagined. 

HOW  TO   COXSTEUCT   A   SUB-PRESS. 

In  order  to  be  able  to  construct  a  sub-press  or  a  set  of  dies 
for  it  the  tool -maker  must  be  both  skilled  and  accurate,  and  must 
use  great  judgment ;  possessing  these  qualities  lie  may,  by  care- 
fully digesting  the  following  described  methods,  be  sure  of  suc- 
cess.. 

Fig.  548  shows  in  vertical  section  and  Fig.  549  in  plan,  a 
sub-press  such  as  Ls  used  in  all  watch,  meter,  and  cyclometer 
factories.  The  sub-press  consists  of  the  stand  1,  the  plunger  2, 
the  base  3,  the  nut  4,  to  tighten  the  babbit  lining,  and  the  hook 
nut  5,  which  connects  the  power-press  plunger  with  th(^  plunger 
2  of  the  sub-press.  The  stand  1  is  the  first  part  machined.  It 
is  faced  and  bored  on  the  bottom,  and  then  the  barrel  is  faced 
and  recesseil  to  suit  a  flange  by  means  of  which  the  plunger  2  is 
centred  at  one  end  for  babbitting.  The  stand  is  then  ready  to 
be  drilled  and  tapped  for  the  fillister  head-screws,  by  means  of 
which  it  is  fiistened  to  the  base.  These  screws  are  also  used 
to  fasten  the  stand  to  a  special  lathe-chuck,  by  means  of  which 
it  is  bored  3  degrees,  taper- faced  on  the  other  end,  and  then 
turned  for  the  adjusting  nut,  but  not  threaded  until  the  stand 
has  been  babbitted.     The  stand  having  been  bored  it  is  then  set 
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up  Id  the  shaper  ur  keysetter,  and  four  grooves  are  planed  in  the 
inside,  parallel  with  the  taper,  to  prevent  the  habbitt  lining  from 
turn  lug. 

We  now  rough-turn  the  pluuger  2,  back-rest  it,  and  then  bore 
it  for  the  punch  piston ;  after  which  it  can  be  threaded  for  the 
nut  5.  Tills  nut  should  be  made 
of  machinery  Ht«el,  and  have  two 
flats  milled  on  it  at  o  o,  so  as  to 
be  able  to  remove  it  from  the 
plunger.  With  this  nut  well 
screwed  down  the  plunger  should 
{tc  turned  to  within  about  .005 
inch  of  the  fini^  size,  and  then 
finished  by  griodiug,  making  sure 
to  have  it  perfectly  parallel ; 
sifter  which  it  should  be  placed  in 
the  miller  vice,  and  four  grooves 
milletl  in  it,  being  sure  to  have 
the  miller  vice  exactly  in  Hoe;  if 
Uio  vice  is  slightly  "out"  a  twist- 
ing motion  will  occur  in  the 
plungi^r  wIkmi  iii  ojieralion  in  the 
press,  anil  tliis  will,  of  course, 
sjinil  the  dies.  Xow  we  draw-file 
the  ])hiiigi'r,  using  X<i.  2  emery 
sti<'k,  wliich  will  give  Iwtter  re- 
siills  tiiiui  11  fill',  and  then  all  is 
iTinly  for  tlii^  babbitting.  We 
gft  the  Imhliit  at  the  right  heat, 
pinir  it,  iind  allow  it  to  rise 
nixnxi  i  inch  above  the  top  of  the 
shinil. 
■ot.lcil  ciioiigli  til  liiindlo,  the  plun- 
!■  loiri'il  down  far  onmigli  !■>  allow  the  babbitt  to  be 
I'ai'iHl  and  siinarnl  nil'  on  tin-  end.  and  tlu'  tlii-ouil  cut  on  the  eud 
(if  llu-  .-iliiiul  Of  lint  4.  Now  ivniove  tlii"  plnngtT  from  the  stand, 
and  locjiti'  llic  stand  in  Ilic  lathe  again;  thou  cut  a  Spiral  oil 
giijovti  of  at>i)u1  1-inch  pitch  in  the  babbitt  lining.     The  stand 
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and  plimger  should  uow  In*  secured  in  the  iiower-press,  and 
pumped,  using  pleuty  of  oil,  and  tighteuiug  down  tlie  nut  ocea- 
aiooally  so  as  to  get  a  good  l>eariug.  It  niiut  bo  watched  at  this 
stage,  in  onler  that  excessive  friction  may  not  heat  the  babbitt 
lining  siiQicient  to  cause  it  to  swell,  and  tlina  destroy  the  stand. 
Now  refaee  the  Rtaud  iu  the  lathe,  and  face  the  bottom  and  bore 
the  Beat  about  2  degrees  taper  to  lit  over  the  taper  boas  on  the 


base.  The  plunger  iimy  now  be  removed  fi-oni  llio  stand,  back- 
rested,  and  recesseil  for  the  dies.  The  base  eau  theu  be  located 
on  the  face-plate  of  u  lathe — having  previonaly  planed  the  bot- 
tom— and  the  boss  turned  3  degrees  taper  to  suit  the  stand ;  also 
recess  it  for  the  dies  and  lower  stripper,  after  which  it  can  tw 
drilled  and  counter-bored,  and  then  doweled  to  secure  the  per- 
fect alignment  of  the  two  scctious. 


SETTING   AND   WORKING   A   HUB  PRESS. 

The  sub-press  can  be  worked  in  almost  any  power-press  of 
suitable  space.  However,  usually,  a  special  press  is  used  for  the 
purpose,  as  a  short  stroke  and  a  stiff  arch-framed  press  best  meet 
the  requirements;  Fig.  549  shows  a  press  of  this  kind. 

To  set  a  sub-press,  simply  slip  it  iuto  place,  a&  shown  in  Fig. 
549.  by  sliding  the  steel  ueck  of  the  plunger  into  the  press-slide 
hook,  and  theu  locate  the  hold-drawn  clamps  iuto  their  places 
and  tighten  the  screws  or  nuts,  thus  fastening  the  sub-press 
firmly  to  the  bed  of  the  power-press  or  bolster  plate.  The  dies 
30 
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may  now  be  set  aud  all  is  ready  to  proceed  with  the  punching. 
The  changing  of  a  sub-press  is  very  quickly  done,  as  no  si)ecial 
skill  is  required.  There  are  several  different  styles  of  sub-press 
frames;  the  most  common  is  the  round  barred-arch  shape.  An 
overhang  pattern  is  often  used.  For  the  very  largest  work, 
such  as  clock  or  time-register  frame  backs,  a  four-pillar  sub- 
press,  which  cuts  quite  large  blanks  from  stock  as  thick  as 
^  inch,  is  used.  The  manner  in  which  the  punching  in  a  sub- 
press  is  done  must  not  be  confounded  with  ordinary  punching, 
as  it  is  done  in  a  different  manner.  As  a  rule  three  or  more 
operations  are  performed  at  one  stroke  of  the  press — that  is,  cut- 
ting the  outside,  cutting  the  centre,  perforating  the  blank,  and 
lettering  it  all  at  once.  The  stock  to  be  punched  is  securely 
held  between  the  stripper  plates  and  pads ;  thus  the  die  is  com- 
pound; thus  the  metal  is  straightened  and  held  perfectly  flat 
while  being  worked  upon,  and  each  and  every  piece  produced  is 
an  exact  counterpart  of  the  one  previously  cut. 

ACTION   OF   THE   DIES— FEEDING   OF   THE  METAL. 

In  the  production  of  the  most  accurate  classes  of  work  in  the 
sub-pre^s,  the  punch  does  not  enter  the  die  proper,  but  descends 
within  a  shade  of  its  face,  thus  parting  the  blank  from  the  stock, 
and  no  more ;  the  strippei's  Hatten  its  edges  out  square.  It  must 
l)e  understood,  though,  that  the  die  Jind  punch  faces  must  be 
perfectly  flat  and  without  any  shear  in  order  for  the  work  to  be 
produced  accurately;  for  this  reason  a  stiff,  well-made  press  is 
required.  Heeaase  of  constructing  the  dies  in  this  manner  their 
longevity  is  greatly  extended,  as  the  punches  merely  pass  through 
the  comparatively  soft  stock  and  not  in  and  out  of  the  hardened 
dies,  which  wouhl  shear  and  weai*  them  quite  rapidly.  Never, 
under  any  circumstances,  allow  the  punches  to  enter  the  dies,  as 
this  will  spoil  tlu^  totals  in  a  short  time. 

As  the  sub-press  is  a  small,  convenient  machine  in  itself, 
with  its  (lies  and  punches  always  in  perfect  alignment,  with  no 
possibility  of  fitting  out  of  order,  it  is  always  set  ready  for  work 
and  all  chances  of  bad  or  inaccurate  work  are  eliminated.  While 
the  first  cost  of  this  little  machine  is  large,  in  the  long  run  it  is 
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the  cheai)est  die  tliat  cisin  be  devised  for  the  accui-ate  and  rapid 
production  of  perfectly  interchangeable  sheet-metal  parts.  It  is 
this  little  tool  that  has  made  possible  the  manufacture  of  the 
"dollar  watch." 

Roll  feeds,  or  other  automatic  feeding  appliances,  are  often 
added  to  the  presses  in  which  the^ie  sub-press  tools  are  used.  As 
the  articles  cut  are  forced  back  into  their  ph^^e  in  the  stock  from 
which  they  were  punched  by  the  strii)per8  in  the  dies,  the  meta. 
stock  is  kept  straight  and  it  is  punched  and  accurately  fed  along 
under  the  dies  at  a  very  high  speed,  from  75  to  130  punchings 
per  minute  being  produced. 


CHAPTER  XXIX. 

Engraving,   Sinking,   Constructing,  and  Using  Dies 
for  Medals,  Jewelry,  Coins,  and  Art  Goods. 

WORKMAN  VS.    ARTIST. 

The  cutting  and  engraving  of  steel  dies  for  the  emboBSing  of 
medals,  jewelry,  and  fine  sheet-metal  work  is  an  art  by  itself — au 
art  which,  besides  requiring  mechanical  skill  and  a  knowledge 
of  the  use  of  metal -working  tools,  requires  a  natural  talent  for 
that  kind  of  work  and  the  possession  of  that  artistic  ability  that 
comes  from  the  love  of  things  beautiful.  Without  that  ability 
the  die-sinker  is  meixjly  a  workman,  and  will  be  incapable  of 
originality :  it  is  the  taJent  that  makes  the  artist.  However,  to 
those  who  are  already  skilled  in  the  art  of  die-making  and  who 
possess  to  a  certain  extent  the  ability  to  duplicate  designs,  this 
chapter  will  prove  greatly  instructive;  while  to  those  less  gen- 
erously endowed  the  information  contained  herein  will  help  them 
to  progress  further. 

ENGKAVING    A    HOB    FOR    SINKING    A    MEDAL    DIE. 

In  making  the  dies  for  medals,  etc.,  the  most  approved  prac- 
tice is  as  follows:  Taking  a  blank  ready  to  be  cut,  Fig.  551,  we 
grind  the  lace  dead  smooth  and  then  either  cop])er  it  with  a  solu- 
tion of  snlphate  of  copper  or  give  it  a  thin  coat  of  zinc  white 
and  allow  it  to  dry.  We  sketch  the  medallion  portion  on  this 
surface,  as  in  Fig.  552,  and  cnt  away  to  the  necessary  depth  all 
the  outer  sections  until  a  perfec^t  silhouette  of  the  figure  is  ex- 
1)osch1,  as  in  Fig.  553.  After  this  the  coarser  details  are  cut  in, 
using  small  chisc»ls,  rifiles,  and  gravers,  and  boldly  rounding  all 
portions  which  are  to  a])pear  thus,  as  shown  in  Fig.  554.  The 
last  and  most  ])articnlar  part  of  the  work  is  to  engrave  and  chase 
in  the  fine  artistic  details  until  the  work  appears  finished,  as  in 
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Fig.  555.     The  "hob "for  siuking  the  die  for  the  face  of  the 
medal  is  thus  made. 


MAKING  DIES   FOR  EMBOSSING  JEWELRY. 

In  the  making  of  die«  for  the  embossing  of  jewelry  the  usual 
practice  consists  of  working  out  the  sample  first  to  the  shape  re- 
quired, after  which  it  should  be  soldered  to  the  end  of  the  piece 
of  steel  which  is  to  form  the  punch.  These  pieces  of  steel  are 
usually  kept  on  hand  and  are  turned  to  1^  inches  diameter  and 
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are  about  5  inches  long,  with  the  small  end  l)e\  elled  to  a  size  just 
large  enough  to  cover  the  sample.  After  the  sample  hjis  l)een 
soldered  to  the  end  of  the  jiunch  blank  the  outline  of  the  templet 
is  carefully  and  accurately  worked  out  on  the  end  of  the  punch 
by  the  best  means  available ;  the  bench  miller  will  prove  the  l)e8t 
means  to  iidopt  for  doing  this  part  of  the  work.  Carry  out  the 
outline  to  a  distance  of  about  3'^  inch  from  the  face  of  the 
punch ;  then  take  the  punch  to  the  shaper  and  carry  the  shape  up 
the  length  of  the  punch;  tapering  it  to  run  out  abcmt  H  inches 
from  the  face.  After  this  carefully  file  and  finish  all  points 
round,  so  that  the  end  of  the  punch  will  have  the  i)erfect  outline 
of  the  sample.  The  sample  may  now  be  removed  and  the  face 
of  the  punch  shaped  as  the  finished  article  is  to  appear. 

This  shaping  requires  a  little  exercise  of  the  artist's  talent, 
but  it  is  not  very  difficult  if  gone  at  with  a  little  thought  and 
system.  The  systematic  method  would  be  to  coat  the  end  of  the 
punch  with  copperas  solution,    and  scribe  a  line  completely 
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around  the  punch  a  distance  from  the  end  face  equal  to  the  thick- 
ness of  the  finished  article. 

The  dies  are  usually  made  of  round  annealed  stock,  turned 
to  1.V  inches  diameter,  the  end*  faced  to  about  ^  inch  thick,  and 
the  face  into  which  the  impression  is  to  be  struck  finished  to 
a  very  high  jiolish.  Xot  the  slightest  scratch  is  permissible 
upon  the  face  of  either  punch  or  die.  This  being  done,  take  the 
punch — which  we  will  now  call  *^ master"  punch — and  the  die 
blank,  to  either  a  screw-press  or  drop-press,  set  both  in  their 
respective  places,  and  when  all  is  in  readiness,  carefully  clean 
both  and  oil  very  slightly  with  oily  fingers.  All  being  firmly 
fixed  in  i)osition,  the  impression  is  now  made.  If  a  screw-press 
is  used  a  few  strong  blows  will  be  necessary,  and  if  a  drop-press 
estimate  about  the  x>roper  height  from  which  to  drop  the  weight 
with  the  surface  to  annealed  piece,  which  will  soon  teach  one 
about  how  much  is  necessary  to  strike  a  given  depth.  Kaise  the 
weight  and  let  fall,  catching  the  weight  before  a  second  blow  can 
be  struck.  The  result  of  this  will  be  a  clean-cut  impression,  with 
the  original  polish  of  surface  almost  perfectly  preserved  but  car- 
ried down  into  the  blank.  Of  course  the  metal  will  be  thrown 
up  around  the  impression,  and  this  can  be  faced  off  in  either  a 
lathe  or  a  shaper,  since  it  is  necessary  to  strike  a  little  deeper 
than  reijuired  because  <»f  the  edges  being  rounded.  The  die  is 
now  marked,  etc.,  and  hardened,  using  something  to  insure  its 
coming  out  of  this  ])rocess  clean,  and  then  the  impression  is  i>ol- 
ished  out.  It  is  v(My  necessary  for  work  of  this  kind  that  the 
dies,  etc.,  be  highly  polished,  and  esj)ecially  so  when  working 
gold-filled  stock,  for  \\w  smoother  the  work  ccmies  from  these 
(lies,  the  less  buffing  will  be  necessary  to  bring  it  to  a  finish. 

For  the  high  finish,  eitluM*  Vienna  lime  or  fulminate  of  iron 
will  give  exei^llent  results,  diuck  a  round  stick — orange  wood 
—  in  a  speed-lathe  or  drill-i)ress.  Shape  the  end  with  a  file 
whil(»  running,  and  use  either  of  these  j)reparations  with  water. 
The  ViiMina  lime  is  cleaner,  fulminate  of  iron  gives  the  most  sat- 
isfactory r<*sults.  \\'(^  now  have  a  die  ready  for  business,  and 
when  this  l)ec<mies  worn  large  from  use,  which  it  surely  will  do 
in  time,  anoth<*r  die  can  be  struck  from  our  master  punch. 

After  a  punch  has  Ix^en  found  to  give  the  results  sought  for, 
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it  is  a  very  good  plan  to  strike  off  several  dies  at  one  time, 
esi)ecially  if  manufacturing  anything  like  this  in  large  quanti- 
ties, as  there  is  a  gritty  surface  to  annealed  pieces  which  will 
soon  wear  out  a  die,  and  the  form  of  the  piece  being  changed, 
will,  in  a  greater  or  lesser  degree,  affect  subsequent  operations. 
It  is  a  good  plan  also  to  strike  off  one  die  deeper  than  is  in  regu- 
lar use,  finish,  and  reserve  as  a  master  die.  This  would  then 
make  it  possible  to  reproduce  the  punch  also  if  by  accident  or 
otherwise  it  became  damaged  or  lost. 

To  produce  a  i)unch  from  the  master  die  we  must,  of  course, 
use  an  annealed  blank  turned  up  as  before  and  shaped  to  the 
impression  in  the  die.  This  can  well  be  done  by  laying  out  the 
outlines  on  the  end  of  the  punch  bhink,  shape  it  accordingly  in 
the  bench  miller,  and  file  it  to  about  the  desired  shape.  Place 
the  master  die  and  punch  blank  into  the  die,  though  not  hard. 
Now  remove  the  punch  and  ease  off  all  spots  showing  contact. 
Replace  punch  blank  and  repeat  until  nearly  the  exact  form  has 
been  taken,  then  ea*se  off  the  sides  slightly,  polish  highly,  and 
return  to  the  press  for  a  finishing  blow.  The  object  of  this  is  to 
work  the  punch  nearly  to  shape,  and  to  fit  the  die  so  that  in  the 
finishing  blow  the  first  contact  will  be  in  the  bottom  of  the  im- 
pression. The  metal  seems  to  flow  into  the  die  better  where  con- 
tact is  at  first,  and  should  there  be  a  scrateh  or  other  sharp 
indentation,  it  cannot  be  rounded  out.  It  is  also  interesting  to 
note  that  if  a  drop  of  oil  gets  pocketed  in  the  bottom,  this  oil 
will  prevent  the  die  being  filled  out,  no  matter  what  pressure  is 
exerted,  so  that  the  rule  seems  to  be  for  either  the  [)unch  or  the 
die :  '^  Let  there  be  no  scratches  or  dents  in  either  surface ;  polish 
highly;  keep  the  surfaces  clean  from  grit,  etc.,  and  oiled  but 
slightly  with  slightly  oiled  fingers,  and  rubbed  on  at  that.'' 
Finish  the  taper  part  of  the  punch  in  the  shaper  and  vice,  as 
already  exjilained.     Polish,  harden,  and  finish  as  usual. 

Quite  contrary  to  what  might  be  expected  by  many,  sinking 
small  dies  in  this  manner  does  not  induce  strains  sufficient  to  be 
of  any  serious  consequence,  and  I  dare  say  that  with  annealed 
steel  there  is  no  more  chance  of  loss  than  by  the  method  of  first 
heating  before  striking  the  impression.  In  fact,  an  experienced 
man  almost  never  loses  a  die. 
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When  not  in  use  the  master  punch  and  master  die  shonld  be 
coated  with  vaseline  and  stored  away  in  a  vault  or  other  safe 
place.  If  preferred,  these  tools  can  be  packed  in  x)owdered  lime, 
same  as  polished  spring  wire  is  packed,  to  preserve  the  polish. 

CHASING    THIMBLE,    CAKE,    WHIP,    AND    UMBKELLA 

MOUNTINGS. 

The  small  indentations  on  the  end  of  a  thimble,  cane,  whip, 
and  umbrella  mountings,  are  embossed  with  knuel  wheels  where 
the  design  will  permit.  Very  fine  work  is  hand-chased,  which 
isi)erformed  by  filling  the  articles  with  lead  and  afterward  driv- 
ing the  thin  metal  into  the  lead  with  chasing  tools,  the  latter 
being  a  small,  blunt  chisel  of  proper  shape  to  fit  the  designs  or 
ornaments  wanted. 

MODELING  INTEICATE    DIE  PATTERNS. 

The  modeling  of  intricate  die  patterns  is  accomplished  in 
different  ways,  according  to  the  nature  of  the  work:  carving  in 
wood,  moulding  in  plaster,  moulding  from  "modeller's  wax,*' 
or  moulding  in  gelatin.  The  once  most  common  method,  but 
now  well  nigh  obsolete,  was  that  of  carving  in  wood.  For  large, 
bold  designs  the  plaster  east  is  the  best.  First  a  rough  outline 
of  the  work  is  formed  from  freshly  mixed  plaster.  After  this 
has  set  it  is  cut  or  carved  into  the  desired  form  by  keeping  it 
moist  and  using  sharp  wooden  or  brass  tools ;  steel  tools  will  not 
do,  as  they  rust  rapidly.  In  some  cases  modellers  make  their 
first  model  of  clay,  then  make  a  plaster  or  gelatin  mould  from 
this  by  casting ;  and  lastly  a  reproduction  of  the  original  model 
from  this  cast. 

GELATIN  MOULDS. 

When  a  clay  model  has  been  made  and  it  is  designed  to  repro- 
duce in  gelatin,  soak  the  best  white  glue  in  cold  water  for 
twenty-four  hours,  drain  off  all  the  water,  and  melt  the  soaked 
glue  in  a  water- jacketed  kettle,  bringing  it  to  the  thickness  which 
will  give  it  the  consistency  of  soft-rubber  when  cold.  To  pre- 
vent the  gelatin  f  r^  ig,  moisten  the  model  with  a  mixt- 
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ure  of  common  soap  and  lard  oil.  Pour  the  glue  upon  the 
model,  the  latter  being  incased  in  a  lead  or  board  box ;  allow  the 
mould  to  cool  for  about  twelve  hours,  and  then  separate  the  cast 
from  the  model  by  gently  rapping  around  the  edges  of  it.  If 
the  model  has  two  surfaces  from  which  casts  are  to  be  made,  a 
thread  should  be  attached  to  the  back  and  extended  out  of  the 
mould  at  both  ends,  so  that  it  may  be  used  for  cutting  open  the 
mould  and  removing  the  model  after  the  mould  has  cooled. 

Another  good  recipe  for  a  gelatin  mould  is  the  following: 
Dissolve  20  parts  of  fine  gelatin  in  100  parts  of  hot  water,  and 
add  one-half  part  of  tannin  and  the  same  amount  of  rock  candy. 
A  mould  made  of  glue  or  gelatin  only  will  become  more  durable 
if  a  solution  of  bichromate  of  potash  and  water  is  poured  over  it 
and  the  mould  afterward  exposed  to  the  sun.  Use  one  part  of 
bichromate  to  ten  parts  of  water.  Always  remember  to  oil  all 
models  before  covering  them  with  glue  or  gelatin,  otherwise  you 
will  fail  to  secure  a  good  mould  and  may  warp  the  model. 

USE   OF   '^MODELLER'S  WAX." 

To  make  impressions  of  dies  in  which  the  designs  are  very 
elaborate,  or  composed  of  very  fiue  lines  and  curves,  use  "mod- 
eller's wax."  To  make  this  wax,  take  two  parts  of  beeswax  to 
one  part  of  bayberry  wax ;  dissolve  and  mix  well  and  then  spread 
it  over  the  face  of  the  die  while  warm,  first  moistening  the  face 
of  the  die  with  strong  soap  water  to  prevent  sticking.  To  secure 
an  impression  of  a  large,  bold  design,  use  "dentist's  plaster," 
mixing  it  with  water  until  about  as  thick  as  molasses.  It  will 
be  necessary  to  work  fast,  as  the  plaster  will  set  quickly.  Wipe 
the  face  of  the  die  with  lard  oil  and  common  soap  solution  and 
then  spread  the  plaster  over  the  die,  running  it  from  end  to  end. 
After  the  plaster  has  set,  heat  the  die  slightly  and  lay  it  aside 
for  about  twenty  minutes,  after  which  rap  the  edges  of  the  die 
until  the  impression  separates  from  it.  In  pouring  the  plaster, 
allowing  it  to  flow  from  side  to  side  will  prevent  the  formation 
of  air  bubbles  in  the  depressions.  The  further  exclusion  of  air 
may  be  ensured  by  paddling  or  churning  the  plaster.  As  plaster 
shrinks  considerably  in  drying,  it  will  be  necessary  to  remove  the 
cast  from  the  model  as  soon  as  it  becomes  dry. 
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As  a  rule,  no  matter  Low  careftUly  plaster  casting  i 
some  defects  will  appear  in  the  casts,  which  will  have  to  be 
patched.  Wait  until  they  are  thortmghly  dry  and  cold  and  then 
scrape  the  damaged  surfaces  before  patching. 

DIES   FOK   FORHINO    LARGE  ORNAMENTAL 
ARTICLES. 

The  dies  used  for  iK^nding  and  forn>ing  large  ornamental  arti- 
cles of  sheet  metal  are  usually  cast  iron.  Very  little  work  ia 
done  on  such  dies,  as  they  ai-e  cast  from  a  carefully  prepared 
model,  a  facsimile  of  the  article  to  be  formed,  using  it  as  a  pat- 
tern and  working  out  the  die  surfaces  in  a  manner  similar  to  the 
moulding  of  a  pattern  in  saud.  Drop  dies  are  often  made  in 
this  way,  and  from  these  steel  dies  are  dropjred,  producing  them 
to  almost  tlie  correct  finished  shape,  thus  dispeu.'^ing  with  con- 
siderable difficult  filing,  chipping,  and  graving. 

WATER,    OR  FLUID   DIES. 

AH  kinds  of  hollow  ware,  such  as  lamp  bodies,  artistic  toilet 
oases,  match  safes  such  u&  shown  in  Fig.  ri56,  silver  and  Britan- 
nia ware  and  ornamental  soft  brass  shai>es,   arc  produced  in 


almost  exact  reproductions  of  chased  work  by  means  of  the 
"water  die,"  of  the  type  shown  in  Fig.  557,  The  "die"  con- 
sists of  a  hinged  mould  having  the  desireil  decorations  cut  on  the 
inside.  These  moulds  ai-e  usually  cast  from  cjirefnlly  carved 
models  and  are  then  finished  aud  touched  up  nutil  all  fine  details 
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are  sharp  and  distinct.  A  special  close-grained  cast  irou  is  nec- 
essary for  siicli  moulds.  In  use,  the  mould  or  "die"  is  placed 
under  the  press  ami  the  shell  to  Ixjswellj-d  and  decorated  is  filled 
with  water  and  enclosed  within  it.  A  plunger  fitted  to  the  ram 
of  the  press,  and  fitting  the  opening  in  the  top  of  the  mould 
tightly,  descends  and  canses  the  confine4l  fluid  to  swell  out  the 
metal  iuto  the  designs  in  the  uionld.     This  is  a  very  economic 


way  of  producing  decorated  hollow  ware,  and  is  used  almost  to 
the  exclusion  of  all  other  methods  in  the  large  silverware  estab- 
lishments. To  produce  very  plain  figures,  swells  and  shapes  in 
soft  metuls,  a  piece  of  soft-nibber  is  used  as  a  sweliiog  agent, 
the  plunger  comi)ressi»g  it  on  the  descent. 


COMBIXATION   IHE.S   FOB  EMBOSSED   WORK. 

Flat,  st:uui>ed,  embossed,  or  raised  sheet-metal  articles  are 
usually  drawn  and  stamjx-d  up  in  a  first  operation  and  trimmed 
afterward  in  a  plain  trimming-die.  Sometimes,  when  the  de- 
signs are  simple  or  shallow,  the  articles  are  produced  in  one 
opei"ttiou  in  a  combination  <lriiwing  and  einhassing  die.  This  is 
not  done  as  a  rule,  as  the  metal  is  apt  to  draw  and  form  nn- 
equally,  and  thus  the  finding  of  a  blank  which  will  draw  up  per- 
fectly without  fins  or  rough  edges  is  very  difficult.  Again,  the 
two  operations  nw.  combined  in  a  iirogres-sive  die,  iu  which  the 
metal  is  first  stamped  and  drawu,  or  vice  versa,  and  then  fed 
along  and  trimmed  or  blanked  out. 
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MAKING  "HOBS"  AND  SINKING  EMBOSSING  DIES. 

Ill  the  making  of  embossing  dies  several  methods  are  iu 
vogue.  Sometimes  both  dies  are  made  of  steel,  or  one  of  steel 
and  one  of  copper  or  brass,  or  one  of  hard  bronze  and  one  of 
soft  brass,  while  for  very  large  work  of  bold  designs  one  die  is 
made  of  cast  iron  and  the  other  of  brass. 

In  making  steel  dies  for  striking  np  gold,  silver,  and  other 
valuable  metals  the  first  operation  consists  in  carefully  anneal- 
ing the  blank  which  is  to  form  the  master  die  or  "hob,  "and  then 
getting  a  dead  smooth  finish  on  the  face,  which  is  then  cut  and 
engraved  and  cut  until  an  exact  reproduction  of  the  required  de- 
sign is  raised  on  it.  Careful  engraving  and  scraping  and  giving 
the  proper  amount  of  draft  and  radius  to  certain  points  will  be 
nece^ary  in  order  to  obviate  the  tendency  of  the  metal  to  cut 
apart  while  being  worked;  this  will  be  most  likely  to  occur 
where  perpendicular  lines  or  surfaces  are  presented.  After  hav- 
ing finished  and  polished  all  portions  of  the  design  the  "hob" 
may  be  hardened  and  drawn  to  a  deep  straw  temj)er.  We  now 
have  a  master  die  or  "hob"  with  which  to  sink  the  other  die. 
This  "hob  "  is  fitted  to  the  nun  of  the  press  or  of  the  drop  ham- 
mer, whichever  it  is  to  be  used  in. 

We  now  secure  another  annealed  blank,  and  carefully  finish 
the  top  and  bottom.  The  nuuster  die  is  secured  in  the  press  ram 
and  the  bhink  is  placed  directly  under  it.  Both  faces  of  the  dies 
are  oiled  and  the  master  die  is  forced  into  the  soft  face  of  the 
blank  until  a  i>erfeet  impression  of  every  detail  and  line  in  the 
master  die  appears.  This  will  require  much  time  and  patience, 
it  being  necessary  to  remove  the  blank  several  times  and  cut 
away  the  surplus  metal  thrown  up.  After  the  necessary  amount 
of  clearance  ha«  been  given  the  sunken  die,  and  all  points  are 
polished,  it  can  be  trimmed,  faced  and  hardened,  and  tempered. 
From  this  die  a  brass,  bronze,  or  (jopper  "force"  is  then  struck 
up,  which  is  used  in  i)lace  of  the  master  die  in  the  production  of 
the  articles  desired.  If  many  dies  of  the  same  kind  are  to  be 
made,  such  as  for  coins,  a  number  of  sets  are  sunk  from  the  mas- 
ter die,  which  is  kept  for  that  purpose  alone;  thus  the  exact 
duplication  of  the  design  is  assured  in  all  the  dies.     For  coins* 
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of  course,  both  dies  are  of  steel.  In  coiu  dies  the  date,  which 
changes  from  year  to  year,  is  stamped  in  by  hand  after  the  im- 
pression of  the  master  die  or  "hob ''  has  been  struck. 

In  using  a  master  die  for  making  impressions  the  surfaces  of 
the  "  hob  "  and  the  bhmk  should  be  kept  well  oiled  and  the  press 
should  he  turned  very  slowly  by  hand.  By  keeping  the  master 
die  for  making  impressions  only,  exact  duplicates  of"  the  worn- 
out  dies  may  be  produced,  this  being  not  possible  by  any  other 
method,  as  no  engraver  can  exactly  duplic-ate  his  work  by  hand. 

When  making  very  large  steel  dies  by  the  method  described 
above  it  will  be  found  necessary  to  drop  the  blank  hot.  Heat 
the  blank  to  a  cherry  red,  drop  the  master  die,  remove  the  blank, 
remove  the  scale,  trim  and  work  out  the  surplus  stock,  and  then 
re-drop  cold.  A  perfect  impression  will  be  produced  in  this 
manner. 

BROXZE,  BRASS,  AND  COPPER  DIES. 

The  making  of  bronze,  brass,  or  copper  dies  for  embossing 
thin,  soft  sheet  metal  in  shallow  designs  and  shapes  is  usually 
accomplished  by  first  casting  from  wooden  or  modelled  patterns, 
and  then  taking  a  plaster  cast  of  this,  from  which  a  mould  or 
matrix  is  secured  which  is  carefully  scraped  and  polished.  This 
matrix  should  l^e  of  hard  brass  or  bronze,  and  the  mould  of  much 
softer  metal,  so  that  it  may  he  forced  or  dropped  into  it  until  a 
I)erfect  imi)res8ion  appears.  It  will  be  found  in  dies  of  this  kind 
that  the  surfaces  will  wear  surprisingly  long,  as  they  become 
hard  and  tough  through  the  dropping  process. 

It  must  always  be  i^emembered  that  in  all  kinds  of  engraved 
dies  a  feature  of  great  imi)ortanco  in  their  making  is  the  neces- 
sity of  cutting  deeper  all  depressions  and  fissui'es,  so  as  to  leave 
all  the  higher  i)ortious  in  a  position  to  be  perfectly  smooth  and 
polished.  This  is  to  pi-event  the  marring  or  splitting  of  the  em- 
bossed side  of  the  article. 

For  the  production  of  ornamental  tinware  and  other  articles 
in  which  the  ornamentation  is  coarse  and  bold,  cast-iron  dies  and 
brass  or  hard  babbitt  moulds  are  us(»d.  These  dies  require  little 
labor  or  skill  to  produw,  as  the  plaster  casts  or  moulds  for  the 
dies  can  be  relieved  in  all  deep  i)laces,  and  thus  it  is  not  neces- 
sary to  rout  out  the  brass  mould  afterward. 
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When  the  article  required  to  be  embossed  is  very  deep,  or 
where  the  designs  and  ornamentation  are  much  raised,  it  will  be 
necessary  to  accomplish  the  embossing  with  two  sets  of  dies. 
One  set^ — the  first — will  have  to  be  supplied  with  blank-holders 
and  a  die  having  a  rough  outline  of  the  required  design.  In  this 
die  the  metal  will  be  di-awn  from  between  the  blank-holdei*s  and 
into  the  die,  and  a  crude  impression  of  the  required  design  will 
be  given  it.  The  article  should  then  be  annealed  and  struck  up 
perfectly  in  a  finishing  die.  Not  infrequently  it  will  be  found 
necessary  to  use  three,  or  even  four,  sets  of  dies  to  accomplish 
the  desired  results  in  articles  w  hich  are  excessively  deep.  Ti-ays, 
salvers,  picture  frames  and  plates  having  ornamental  borders  not 
too  close  to  their  edges,  or  circular  articles  with  central  raised 
designs,  can  be  blanked  out  and  stamx)ed  or  embossed  in  a  com- 
bination die  in  a  single-action  press,  the  die  being  equipped  with 
a  spring  buffer  and  a  blank-holder  ring,  or  in  a  double-action  die 
in  a  double-action  press.  Shallow  shells,  boxes  or  covers,  either 
circular  or  rectangular  in  shax)e,  can  be  blanked,  drawn,  formed, 
and  einl>ossed  or  panelled  in  a  triple-action  die  in  a  double-action 
press  e(|uipp(Hl  with  an  automatic  lower  punch  slide. 

To  fit  the  slianks  of  the  embossing  dies,  upper  and  lower,  or 
to  turn  the  outsides,  ehunp  the  punch  or  "force"  and  die  to- 
gether, and  then  machine  as  if  one  piece;  thus  the  i^rfect  align- 
ment of  the  (Miibossing  faces  with  each  other  when  the  die  is  in 
use  will  he  assured. 

Althouj^h  for  years  spoons,  forks,  and  embossed  metal  handles 
were  produced  under  the  dro])  hammer,  this  method  has  now  l>e- 
conie  almost  obsolete,  as  the  improvements  in  heavy  automatic 
press(\s  and  feeding  devices  for  such  has  made  their  use  for  the 
production  of  such  articles  quite  g(»neral.  These  machines  pro- 
duce moie  and  better  work  with  less  wear  on  the  dies  than  the 
drop  hammer. 


CHAPTER  XXX. 

The  Modem  Art  of  Swaging,  Swaging  Machines,  and 
the  Cold  Swaging  Process. 

THK   HAMMER. 

Man  b  first  tool  m  RU-%iiiiig  metal  wiis  the  hamtnor  and  with 
the  oclvancement  in  appli  Hires  during  the  centimes  the  ham 
mer  lias  continued  to  hold  Us  place      In  modem  metal  norking 


the  hammer  is  supreme.  Its  form,  it  is  trne,  is  changed  from 
time  to  time,  but  whether  the  band  too!  or  the  power-dri\ca 
hammer  is  considered,  the  principles  unik-rlyiiig  its  nse  are  still 
the  same. 

Tlie  simplicity  and  effectiveness  of  the  hammer  hare  never 
been  excelled  in  any  other  tool,  nor  even  equalled.  Whether 
metal  be  worked  hot  or  cold,  the  hammer  is  the  king  of  tools. 
Not  only  does  tlie  hammer  produce  a  vast  amount  of  work  with 
a  small  espeiiditurc  of  force,  but  it  gives  to  the  metal  qualities 
which  can  be  obtained  in  no  other  way.  Strength,  rigidity, 
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solidity,  and  increased  elasticity  are  all  gained  under  the  ham- 
mer, while  in  the  cases  of  iron  and  steel  a  surface  hardness  is 
secured  which  cannot  be  produced  in  any  other  manner. 

SWAGING  AND   HAMMERING. 

Swaging,  however  performed,  is  only  a  kind  of  hammering. 
The  early  smiths,  it  may  be  supposed,  in  the  very  infancy  of  the 
race — certainly  long  before  the  dawn  of  history — observed  in 
working  the  metals  with  which  they  were  acquainted,  that  the 
face  of  the  hammer  always  left  its  impression  when  a  blow  was 
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struck.  Any  irregularity  in  the  face  of  the  hammer  left  a  cor- 
responding mark  on  the  metal  struck.  To  this  fact,  undoubt- 
edly, dcK^s  modern  metal  working  owe  both  the  art  of  swaging 
and  the  art  of  die  sinking,  drop  forging,  and  embossing,  for  the 
fundamental  princii)le  in  ^»ach  is  that  of  making  a  special  face 
for  the  hammer  and  another  for  the  anvil. 

These  special  facias  for  the  hammer  and  the  anvil  are  given 
the  form  which  it  is  desired  to  impress  upon  the  metal,  which  is 
to  be  struck  between  tiu^n.  If  the  piece  of  metal  which  is  to  be 
worked  is,  for  ex}imi)le,  cylijidrical  in  form,  the  face  of  each, 
the  hammer  and  the  anvil,  is  hollowed  out,  the  depression  being 
given  the  re(iuired  sha[u»  or  design.  The  metal  worked  between 
them  is  then  forced  by  the  blows  api)lie(l  into  the  hollows  of  the 
two  faces,  thus  taking  on  the  desired  shape. 

While  it  maybe  supposed  that  the  first  swaging,  crude  though 
it  must  have  been,  was  p(*rformed  bt^tween  a  hammer  with  a  de- 
pression iu  its  fac<»  and  an  anvil  with  a  corresponding  indenta- 
tion, it  is  i)robal)le  that  it  was  not  very  long  before  the  early 
smiths  recognized  the  further  fact  that  a  great  gain  would  be 
made  in  such  work  by  separating  the  special  faces  from  the  ham- 
mer and  the  anvil,  respectively.     The  hammer,  therefore,  was 
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again  made  smooth  and  heated  to  be  struck  against  a  special  piece 
of  metal  or  false  face,  to  which  one-half  of  the  i^equired  form 
had  been  given.  The  anvil,  instead  of  being  hollowed  out  ac- 
cording to  the  design  of  swaging  to  be  done,  was  made  a  large 
solid  block,  heavy  enough  to  resist  the  hardest  blows,  and  pro- 
viiled  with  means  to  receive  and  hold  a  second  special  face,  the 
counterpart  of  that  against  which  the  hammer  would  be  struck. 
What  are  now  known  as  swaging  tools  or  dies  resulted.  All  that 
has  been  accomplished  since  has  related  to  means  of  holding  tools 
to  be  operated,  to  means  of  imparting  the  necessary  blows,  and 
to  niethods  of  controlling  and  guiding  the  work.  In  the  follow- 
ing the  matter  is  a  compilation  from  information  kindly  fur- 
nished the  author  by  the  Excelsior  Needle  Company,  of  Tor- 
rington.  Conn.,  manufacturer  of  the  Dayton  swaging  machine, 
and  the  technical  journal  Machinery, 

Strange  to  say,  the  ordinary  dictionaries,  in  defining  "swage" 
in  the  sense  of  a  swaging  tool,  take  into  account  only  one  of  a 
pair  as  commonly  used  and  as  above  described.  One  definition, 
for  exami)le,  is  us  follows:  "  A  tool  having  face  of  a  given  shape, 
the  couuterpai-t  of  which  is  imparted  to  the  object  against  which 
it  is  forcibly  iini)ressed.  When  used  ...  it  is  either  placed 
on  the  anvil  so  as  to  imx)ress  the  metal  which  is  laid  thereon 
and  struck  by  the  hammer,  or  the  work  being  laid  on  the  an- 
vil the  face  of  the  swage  is  held  upon  it  and  the  back  of  the 
swage  receives  the  blow."  But  modern  i)rocesses  of  swaging, 
work  the  metal  on  both  sides  or  all  around,  as  in  the  case  of 
a  rod  or  tube,  and  for  this  purpose  employ  both  top  and  bot- 
tom tools. 

The  use  of  false  faces  to  the  hammer  and  the  anvil,  as  above 
si»t  forth,  or  the  use  of  swaging  tools,  as  the  corrected  definition 
describes  them,  and  which  are  most  commonly  called  "dies," 
enables  a  number  of  blows  to  be  struck  in  obtaining  the  required 
result,  which  secures  an  important  economy  of  force,  while  also 
rendering  the  operation  less  trying  to  the  metal.  There  is  like- 
wise an  important  gain  in  the  quality  of  the  product.  Further, 
the  employment  of  dies  makes  possible  the  use  of  a  machine  for 
imparting  the  blows,  in  a  way  to  secure  rapidity  of  action  and 

absolute  uniformity  of  work.     The  force  of  the  hammer  is  trans- 
31 
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initted  through  the  movable  faces  or  dies  without  appreciable 
loss ;  in  fact,  with  a  positive  gain  in  various  points  of  effective- 
ness. 

THE   COLD-SWAGING   PROCESS. 

The  swaging  process,  although  extensively  used  in  certain 
cliisses  of  work,  is,  as  a  machine  shop  operation,  very  little  if  at 
all  recognized.  The  success,  however,  with  which  this  process 
is  employed  for  certain  purposes  would  seem  to  indicate  that  its 
use  might  be  applied  with  profit  to  a  great  class  of  work  that  is 
at  present  performed  either  by  hot  forging  or  by  machining. 

Cold  swaging  is  the  act  of  reducing  or  forming  steel  or  other 
material  while  cold,  such  as  drawing  to  a  point  or  reducing  the 
diameter  of  the  work.  This  is  performed  by  a  machine  which 
causes  the  work  to  be  struck  a  great  number  of  successive  blows 
by  a  pair  of  dies  of  suitable  shape  to  give  the  required  reduction. 
The  process  is  mainly  applied  to  reducing  wires,  rods,  and  tabes, 
and  is  the  only  process  by  which  rolled  or  plated  stock  can  be 
i*educed  without  destroying  the  plating  or  coating.  For  this  rea- 
son it  is  largely  used  for  jewellers'  work,  such  as  forming  spec- 
tacle templets,  fancy  pins,  and  similar  pieces.  It  is  also  exten- 
sively used  for  pointing  rods  or  tubes  which  are  to  be  drawn. 
It  will  put  the  best  point  known  to  wire  drawers,  on  a  rod  or 
piece  of  wire  in  a  fraction  of  the  time  that  would  l)e  required  by 
any  other  method,  and  the  same  applies  to  its  use  on  tubing. 
The  millions  of  needles,  bicycle  spokes,  button  hooks,  crochet 
needles,  etc.,  which  are  turned  out  annually  serve  to  show  some 
of  the  ])ossibilities  of  the  swaging  process. 

The  possibilities  of  the  swaging  process  are  almost  without 
limit.  The  blacksmith  through  \\\{.\  ages  has  invented  imnum- 
bered  applications  found  in  daily  use,  while  the  modern  ma- 
chine builder  has  discovered  various  means  of  adapting  swaging 
methods  to  the  rapid  and  economical  production  of  numerous 
shapes  and  forms  required  in  the  different  trades  and  industries. 

Rod-making  in  steel  and  iron,  as  well  as  the  kindred  trade  of 
making  bai's  and  axles,  is  essentially  a  swaging  process.  There 
are  modifications  in  the  details  of  the  machinery  adapting  it  to 
the  purpose,  but  the  principle  is  the  same.     In  the  same  way  the 


INTERCHANGEABLE  MANUFACTl'BISG.        483 

taperiiifj  of  tubes  both  large  aud  small  is  better  performed  by 
Rwagiug  than  by  any  other  process.  Modern  swaging  as  a  means 
of  reduction  supersedes  rolliog,  grinding,  milling,  turiiiug,  and 


drawing,  for  the  reason  that  it  improves  the  quality  of  the  mate- 
rial and  gives  greater  uniformity  and  better  surface  without 
waste  of  stock. 

One  of  a  pair  of  tools  or  dies  fastened  in  an  anvil  to  hold  the 
metal  t^o  be  worked,  and  the  other  sustained  above  it  and  adapted 
to  i-eceivo  the  blows  of  the  hammer,  constitutes  one  of  the  most 
useful  forms  of  swaging -machines.  Sut>stitute  for  the  hand 
liammer  and  its  swinging  blows  a  scries  of  machine -driven  ham- 
mers revolving  around  the  pair  of  dies  which  are  saitably  held, 
and  which  deliver  their  blows  in  pairs  upon  the  ends  of  the  dies, 
thus  forcing  them  together  and  against  the  metal  that  is  between 
them,  and  a  modern  machine  is  produced  the  product  of  which 
excels  in  character  and  value  anything  that  has  ever  preceded  it. 
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As  ail  itlustratiOD  of  thfi  saving  of  stock  that  may  be  accom- 
plisbed  by  the  use  of  this  process,  we  will  consider  a  Bimple  piece 
of  rod  which  is  tapered  f roin  fall  diameter  to  a  small  point,  as 


sliown  ill  Figs.  562  and  663.  lu  view  of  the  piece  marked  A,  the 
dotted  lines  show  tlie  original  piece  of  stock  from  which  it  would 
bo  nmde  if  the  work  were  done  on  a  lathe  or  screw  machine,  by 


the  machining  process,  the  dotted  section  showing  the  amount  of 
material  that  would  be  wa-stcd.     In  the  lower  view  B,  the  dotted 
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liiiea  stiow  the  amoniit  of  stock  that  would  be  required  to  pro- 
duce it  by  tlie  swaging  process,  and  there  would  be  no  waste 
whatever. 

EOTAEY  SW AGING-MACHINES. 

The  rotary  ewagiug- machine  is  now  being  made  by  a  number 
of  maun  fact  nrers,  aud  while  the  details  of  the  different  macliiues 
vary  in  some  respects,  the  principle  is  the  same  throughout. 
Bcprcseutative  machines,  made  by  swagiug-niacbine  builders, 
are  shown  in  Figs.  564  and  565. 

The  principle  of  the  modem  rotary  swaging-iuncbine  is  shown 
iuthelincdrawing.  Figs.  558and559.  Inside  of  the  bead  iu  which 
the  spindle  revolves  is  a  set  of  hardened  steel  rollers  5  ^jS  which 


are  fitted  in  recesses  in  the  fixed  castiug,  each  of  them  being  free 
to  run  on  its  own  axis.  The  front  eud  of  Ihe  spiudlc  A  is  lai^ 
and  ha.s  a  slot  across  its  face  iu  which  the  hammer  blocks  slide. 
These  have  recesses  in  their  inner  ends  for  holding  the  dies  d  d. 
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and  in  their  outer  ends  are  the  rolls  E  E  which  are  free  to  turn 
when  they  come  in  contact  with  those  in  the  head.  As  the  spin- 
dle revolves  and  the  rolls  in  the  die-blocks  are  brought  into  con- 
tact with  those  in  the  head,  the  dies  are  forced  together  on  to  the 
stock.  After  passing  a  set  of  rolls,  the  dies  are  thrown  apart  by 
the  action  of  centrifugal  force,  which  keeps  them  separate  until 
the  next  set  of  rolls  is  encountered,  when  another  blow  results. 
The  machines  are  run  at  a  spindle-speed  of  from  400  to  500  revo- 
lutions per  minute,  and  as  there  are  eight  rolls  in  the  head,  the 
result  is  from  3,200  to  4,000  blows  of  the  die  per  minute.  The 
work  in  these  machines  is  not  rested,  as  the  rotation  of  the  spin- 
dle distributes  the  blow  evenly  around  the  circumference  of  the 
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SurnpU^s  of  Work  Done  with  the  Rotary  Swa^ng  Machine. ' 
1-2.  SiHVtaclo  TennplM>  (Steul)  7-&  Machine  Needl«t(8teel) 

3.  Fumy  Tin  (Rolkil  Stock)  0-10-11.  Cotton  Machine  Spindlea 

i.  Kinff  Body  (Hlatvd  Stock)  (Bard  Steel) 

6-C.  Iln  Tungues (Steel)  12.  Bltt (Steel) 


])ie('o  Ix'injjj  opcratod  upon.  In  another  type  of  machine  the 
ioIUm's  are  replaced  by  oseilhitin^  cams  which,  when  they  come 
in  line  witli  the  ends  ot*  tlie  die -block,  form  a  powerful  toggle- 
joint  and  brin^  the  dies  to<^ether  with  great  8ci*ews  which  cause 
the  wedges  baek  of  the  eanis  to  slide  in  toward  the  centre. 
Some  samples  (»f  the  work  done  with  the  rotary  machines  are 
shown  in  Fig.  TA\{\. 
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THE  DAYTON   8WAGING-MACHINE. ' 

The  "DaytoD"  swagiug-macliine,  viewa  of  which  are  pre- 
seuted  in  Figs.  567,  5ti8,  569,  aiid  570,  employs  dies  which  are  as 
simple  iu  their  e&seiitiul  features  as  the  most  primitive  swaging 
tools.  These  dies,  which  are  adjustable  iu  their  relation  one  to 
the  ottiei',  are  carried  in  a  slot  iu  the  face  of  a  revolving  mandrel, 
Und  ai-e  held  between  a  pair  of  blocks  with  rounded  ends.  On 
the  side  of  and  arouud  the  mandrel  is  an  annular  rack  containing 
loosely  a  number  of  hardened  steel  rollers.    The  revolution  of 


the  mandrel  causes  the  dies  and  blocks  with  rounded  ends  to 
pass  between  successive  pairs  of  opposing  rollers  which  force 
the  dies  together.  The  mandrel  is  hollow  to  permit  the  work  to 
be  fed  through  it.  The  dies  revolve  rapidly  around  the  work, 
which  is  stationary,  while  the  rack  containing  the  rollers  revolves 
very  slowly,  being  moved  only  by  the  slight  motion  of  the  rollers 
during  the  time  of  contact  with  the  blocks.  Accordingly,  the 
effect  of  the  dies  is  very  evenly  distributed  about  the  work. 

The  dies  are  blocks  of  hardened  steel,  which  have  formed 
upon  their  iuuer  faces  the  impression  of  the  shape  or  the  diame- 
ter of  the  work  it  is  desired  to  produce,  with  an  enlargement  or 
flare  at  the  outer  or  entering  end  large  enough  to  allow  the  nnre- 
(luced  stock  to  enter.  The  dies  are  set  up,  or  what  is  the  same 
thing,  the  blocks  with  rounded  ends,  or  the  backs  as  they  are 
called,  are  made  to  project  more  by  placing  thin  plates  of  steel 
between  the  ends  of  the  dies  and  the  backers.  The  dies  and 
backers  are  held  in  place  in  the  slot  in  the  face  of  the  mandrel 
by  suitable  plates, 

Keferring  to  the  cuts,  Fig.  567  shows  a  face  view  or  front 
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ulevation,  with  plates  removed,  und  Fig.  568  a  loDgitadiDal  sec- 
tiou  uf  cue  of  the  smaller  sizes  of  the  Dayton  svaging-macliiue. 
Tbe  workiug  parts  of  the  several  sizes  are  essentially  the  same, 
su  Ibat  a  4lescriptiou  of  one  will  answer  for  all. 

Fig.  509  shows  the  roll  rack,  face  view,  cross-section  (one- 
half),  and  side  elevation  (one-half). 

Fig.  570  Bhow-s  the  face  of  tbe  mandrel  with  the  slot  for  re- 
ceiving the  dien  and  backers,  also  a  sectional  view  indicating  the 


centnil  a|>crtiire  for  receiving  the  work.  There  are  also  shown 
tho  dies  B  in  ))otli  side  and  end  views  and  backers  C.  Tlie  plate 
used  for  liokling  llie  dies  in  plncc  is  sliown  at  Z*. 

Referring  again  to  Fig.  r)(iS  it  will  be  seen  that  the  balance 
whe<'l,  imd  l';ist  and  loose  ])nlh'.vs.  are  iittncbcd  to  the  mandrel  at 
the  bai-k.  and  tlial  Ihe  niandivl  t-.irrying  the  dies  involves  within 
the  rollers  Jl :  also  tliat  the  roll  mck,  held  in  ]dace  within  tbe 
cavity  of  llie  hcail  of  the  niacliine  by  tlie  plate  }•',  is  free  to  re- 
volvi'  ;is  nuned  by  tlie  backers  striking  the  i-ollers.  The  head  of 
the  niaehine,  whieli  is  nf  east  metal,  is  reinforced  by  a  wroiight- 
iron  ring,  shnink  into  it  upon  the  outside,  and  by  a  hardened 
Hte<'l  ring  on  the  inside. 

The  niandivl  is  ada])ted  to  l>e  run  at  any  rate  of  speed  re- 
qiiire<l  by  the  work  Ix'ing  done.  With  iive  paiis  of  rollers  ill 
file  raek,  as  shown  in  ]"ig.  .'(ill,  Ihere  will  lie  ten  closni'es  of  the 
dies  (o  eaeh  revoln1ii>n,  varied  only  by  the  slight  motion  iiu- 
I»arled  to  the  raek  by  Ihe  i>aekers  .striking  llie  rollent  Buuning 
at  a  speed  of  KHI  revolutions  [H'r  minnte.  thort^forc,  the  blows 
upon,  or  elosiiiv  of,  Ihe  dies  will  approximate  4,000.  The  effec- 
tiveness of  the  uiiu'hine  is  thus  made  ap])aren1. 


INTERCHANGEABLE  MANUFACTURING. 


489 


IIOEIZOXTAL  SW AGING-MACHINES. 

The  horizontal  swaging-machine  was  originally  designed  by 
Mr.  John  Henderson,  of  Waterbury,  Conn.,  and  the  first  ma- 
chines were  built  by  him.  Later,  the  manufacture  was  trans- 
ferred to  the  Waterbury  Machine  Company,  by  whom  this  type 
of  machine  is  now  manufactured.  The  horizontal  is  especially 
designed  for  work  of  a  heavy  nature,  such  as  is  encountered  in 
mills  where  rods  and  tubing  are  manufactured.  It  is  constructed 
on  a  principle  entirely  different  from  that  of  the  rotary  machine. 
Fig.  671  shows  a  machine  of  this  type.  The  round  hole  at  the 
left,  in  line  with  the  upper  bearing,  is  the  opening  where  the  work 
is  introduced.  The  centre  of  this  hole  marks  the  place  where  the 
dies  are  split  on  the  vertical  line.  One-half  of  the  die  is  backed 
up  directly  against  the  heavy  casting  of  the  frame,  and  the  other 
half,  toward  the  bearing,  has  a  reciprocating  motion  on  the  hori- 
zontal line.  The  means  by  which  this  motion  is  obtained  will  be 
seen  by  reference  to  Fig.  571. 

The  lower  main  shaft  A  carries  the  balance  wheel  and  has  a 
crank  of  short  throw  between  the  bearings,  while  the  lipper  shaft 
B,  of  large  diameter,  has  a  crank  with  a  throw  about  six  times  as 
great.     A  connection  C  joins  these  two  cranks;  it  will  tuni  the 


m^mmim!& 


upi)er  shaft  through  but  a  x)ortion  of  the  circle.  If  a  line  be 
drawn  through  the  centre  of  this  upper  shaft,  so  that  it  is  hori- 
zontal when  the  shaft  is  in  the  middle  portion  of  its  turn,  it  will 
follow  that  this  shaft  will  have  a  rocking  motion  about  its  cen- 
tre, and  the  diameterically  opposite  points  where  this  line  meet« 
the  i)e4pliery  of  the  shaft  on  either  side  will  each  pass  the  centre 
twice  for  eveiy  revolution  of  the  pulley.     If,  now,  a  system  of 


490  TOOIj-MAKING  AND 

horizontal  toggles  be  interposed  between  the  reciprocating  block 
and  the  frame  casting  at  the  right,  in  which  system  the  middlle 
block  passes  through  the  shaft,  it  will  follow  that  by  the  rocking 
motion  of  this  block  the  distance  between  the  extreme  ends  will 
increase  and  decrease  twice  i)er  pulley  revolution,  or,  in  other 
words,  the  number  of  blows  will  be  twice  the  speed  of  the  pulley. 
A  spring,  not  shown  in  the  cut,  is  used  to  separate  the  dies  be- 
tween the  blows. 

These  machines  reduce  up  to  2f  inches  in  diameter  and  tubes 
up  to  4  inches,  and  the  amount  of  reduction  ranges  from  ^  to 
\  inch  for  rods  and  ^  to  ^  inch  for  tubes,  depending  ux)on  the 
diameter  and  nature  of  the  material.  Where  a  much  greater  re- 
duction is  required  than  can  be  made  by  passing  the  work  once 
through  the  dies,  it  has  proved  a  great  convenience  to  use  a  ma- 
chine with  three  sets  of  dies  which  gradually  decrease  in  size. 
This  is  brought  about  by  lengthening  the  machine  out  at  the  left- 
hand  end  for  two  extra  pairs  of  dies,  and  as  but  one  pair  is 
in  use  at  a  time,  motion  is  transmitted  from  one  set  to  the 
other,  all  having  a  sliding  fit  in  the  opening.  The  form  of  the 
die  is  a  cube,  so  that  four  faces  may  be  used  as  required,  the 
dies  l>ein^  turned  around  to  bring  similar  half -openings  together. 
When  small  diameters  are  required,  several  sizes  can  be  cut  on 
each  face,  and  the  changing  from  one  size  to  the  other  is  but  the 
work  of  a  moment. 

While  the  machine  is  principally  designed  to  point  rods  and 
tubes  for  subsequent  drawing  through  dies,  it  has  numerous 
other  uses,  such  as  flattening  round  stock  to  a  desired  shape  with- 
out Wiuste  of  material.  In  this  way  it  has  been  successfully  ap- 
plied to  shai)ing  ends  of  rods  for  screwdriver  blades,  the  round 
rod  being  merely  pushed  into  the  opening  and  the  finished  article 
withdrawn  without  any  fin  or  waste.  Many  other  operations  of 
a  similar  nature  may  be  i)erfornied,  and  in  this  class  of  work  it 
covers  a  ground  not  practicable  with  any  other  type  of  machine. 

S()]\IE   EFFECTS   OX   WORK   ACCOMPLISHED    BY 

SWAGING. 

The  work  performed  by  the  swaging  process  is  done  by  press- 
ure rather  than  by  blows.     Accordingly,  there  is  a  flow  and  re- 
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adjustmeut  of  the  molecules  of  the  swaged  metal,  the  effect 
of  which  extends  equally  throughout  the  piece  in  a  manner  to 
strengthen  it  and  add  other  desirable  qualities.  To  i)erceive  the 
adaptability  of  the  machines  to  a  very  wide  range  of  work,  from 
articles  of  the  smallest  dimensions  up  to  those  of  a  considerable 
size,  requires  only  an  acquaintance  with  the  principle  upou 
which  they  ox)erate. 


CHAPTER  XXXI. 

PBOCESSES  AND  METHODS  FOB  THE  WOBKDTG 

OF  ALUMZNUM. 

ALUMINUM  VS.  OTHER  METALS. 

Thk  inmimenible  uses  to  which  alnminum  has  been  put  dur- 
iug  the  liist  few  years,  and  the  large  variety  of  articles — from 
kitchen  utensils  to  drop  forgings — now  produced  from  its  vari- 
ous alloys,  promise  that  the  'M)eautiful  white  metal''  is  destined 
to  be  very  extensively  employed.  Sheet  aluminum,  at  least,  is 
rei)laeing  the  other  metals,  as  experiments  have  determined  that 
it  can  be  worked  as  exi)editiously  and  economically  as  the  older 
commercial  sheet  metals.  It  can  be  worked,  when  of  a  proper 
alloy,  as  easily  as  sheet  brass,  German  silver,  or  tin-plate,  and  in 
numerous  instances — when  the  tools  have  been  made  correctly 
and  the  metal  is  lubricated  properly  while  working — it  can  even 
be  workiMl  more  cheaply  than  any  of  the  other  sheet  metals. 

DIFFKILTIES   EXCXMTNTKKEI)   IN   WORKING. 


The  most  s<'rious  dithcnlties  to  be  encountered  in  working 
aluminum  are  **hooking-in,'N*h)gging  and  squeaking,  in  drill- 
ing; tearing  and  ^*gouging-in,"  in  milling  and  planing;  "jam- 
ming'' up  or  blocking  of  ])unchings  in  dies,  and  consequent 
breaking  of  punches;  the  cohesion  of  tine  particles  of  aluminum, 
compress(Ml  hanl,  to  the  cutting-edges  of  punches  and  inside  of 
dies,  and  on  ben<ling  or  forming  dies  scnitching  the  aluminum; 
parting  or  bieaking  the  metal  in  drawing  it. 

PVUK   IVIHTAL    VS.    ALLOYS. 

One  thing  that  a  great  many  nurhanics  are  not  aware  of  is, 

that  aluminum  should  hardly  ever  be  used  in  its  pure  state. 

Many  of  thosi*  Mho  liavi^  exix'rienced  ditViculties  in  working  the 

metal  have  Imhmi  using  the  i)ure  nu^tal  instead  of  a  suitable  alloy. 

4!»2 
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A  majority  of  the  aluminum  alloys  compare  with  the  pure  metal 
about  as  brass  compares  with  copper,  and  as  bra^  can  be  worked 
more  easily  than  pure  copi)er  so  aluminum  alloys  can  be  worked 
more  easily  than  pure  aluminum.  One  has  only  to  gaze  at  the 
variety  of  articles  and  novelties  which  may  be  found  in  a  shop- 
window  or  on  a  department-store  counter,  and  to  note  their 
cheapness,  to  understand  that  there  can  be  no  great  difficulty  in 
working  the  metal  into  any  sha.pe  that  any  sheet  metal  will  flow  to. 

SECEETS   IN  THE  WOEKIXG   OF   ALUMINUIM. 

The  two  great  secrets — that  is,  if  we  may  term  them  secrets — 
in  the  working  of  aluminum,  either  in  its  pure  state  or  in  any  of 
its  alloys,  is  the  use  of  a  proper  lubricant,  and  in  the  proper 
shai>e  of  the  cutting-edges  of  the  tools. 

GEADES   AND   ALLOYS   OF   SHEET   ALUMINUM. 

There  is  a  great  variety  of  grades  and  alloys  of  sheet  alumi- 
num on  the  market,  so  numerous  that  no  difficulty  should  be  ex- 
perienced in  producing  that  suitable  for  any  special  purpose. 
Aluminum  may  be  had  in  much  the  same  variety  as  sheet  brass, 
or  in  all  degrees  of  hardness,  from  dead  annealed  stock  to  the 
pure,  stiff,  springy  aluminum.  Next  to  the  pure  metal  is  a  hard 
grade  of  alloys,  ranging  from  dead  soft  stock,  which  will  spin, 
draw,  or  form  up  hard  and  stiff,  to  the  same  grade  hard  rolled. 
After  that  comes  another  set  of  alloys  which  ai'e  replacing  sheet 
brass  in  a  large  variety  of  kitchen  utensils,  novelties,  parts  of 
instruments,  mechanical  appliances,  and  the  lithographer's  stone. 
Ijastly  there  is  another  grade  of  alloys  which  has  been  perfected 
lately  from  which  great  things  may  be  expected,  which  ai'e  begin- 
ning to  be*  used  for  drop-forgings.  Experiments  have  shown 
that  drop-forging  can  be  accomplished  with  this  metal  more 
easily  and  satisfactorily  than  with  many  others,  because  certain 
alloys  of  aluminum  can  be  worked  cold. 

WOEKING  THE  METAL. 

Now  about  working  the  metal.  In  turning,  milling,  or  drill- 
ing aluminum  in  its  pure  state  more  difficulty  has  been  experi- 
enced than  in  the  press-working  of  the  sheet  metal.     All  these 
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difficulties  disappear  if  the  tools  are  made  properly  and  the  right 
liibricaut  is  used.  The  tool  should  be  made  with  lots  of  top 
clearance  and  bottom  rake,  and  instead  of  the  stub  point,  as  used 
for  brass,  it  should  be  lengthened  out.  The  top  clearance 
should  be  suflBcient  to  allow  the  turnings  to  free  themselvea^ 
easily  and  not  clog  around  the  point.  Lastly  the  tool  should  be 
tempered  at  a  light  straw,  and  stoned  to  a  keen  edge. 

LUBRICANTS   TO   USE. 

As  to  the  Ix^st  lubricants  to  use  for  the  machine  operations 
of  turning,  nulling,  or  drilling,  crude  oil  is  best  for  milling  and 
kerosene  for  drilling;  while  for  turning,  soap  water,  and  plenty 
of  it,  will  give  grand  resuls.  A  few  years  ago  a  large  number 
of  small  electric  cloth-cutting  machines  were  being  built  under 
my  supervision,  the  motor  cases,  brackets,  standards,  and  bases 
of  which  were  castings  of  aluminum,  all  of  which  had  to  be  ma- 
chined all  over  to  interchange  perfectly.  A  number  of  fixtures 
were  constructed  for  their  i)roduction,  which  were  described  and 
illustrated  by  the  writer  in  a  series  of  articles  in  the  columns  of 
the  American  Machiniat  during  S(*ptember  and  October,  1900, 
under  the  title  of  '* Tools  for  Interchangeable  Work.''  I  had  to 
do  a  great  deal  of  experimenting  to  produce  the  parts  to  the  re- 
qnire<l  degree  of  finish  and  intereliangeability.  All  sorts  and 
shapes  of  cutting  tools  were  tried  and  different  lubricants  were 
used.  It  was  found  that  drills,  counterbores,  rea.mers,  centres, 
and  turning  tools  would  work  beautifulh'  when  lots  of  cleara,nce 
wa,s  given  them,  the  edges  being  well  hardened  and  then  stoned 
to  a  keen  edge;  that  soap  water  was  the  best  lubricant  for  drill- 
ing, and  U)v  large  eounterl)oring  a  cheap  grade  of  vaseline. 
With  the  crude  oil  t\)r  a  lubricant  in  milling,  butt  mills,  \  inch 
in  diameter,  wen*  used  to  take  deep,  wide  cuts  without  undue 
strain  on  the  teeth,  witlujut  the  cuttings  clogging;  and^  instead 
of  a  coarse,  torn  texture  resulting,  a  shiny,  smooth  finish  was 
the  pleavSiint  attainment.  In  one  large  shop  in  Brooklyn,  which 
makes  s])ecialties  of  lithogra))hing  presst\s,  bronze  machines,  and 
bronze  lithograi)hing  dusting  machines,  tlu\v  formerly  used  large 
numbers  of  brass  brackets  for  the  grippe rs  on  the  presses,  but 
now  they  use  aluminum  castings. 
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CUTTING  DIES  FOE  ALUMINUM. 

In  cutting  dies  for  aliimiuuui  there  should  l>o  at  legist  one  de- 
gree clearance.  If  the  blank  is  over  -^  inch  thick  and  a  smooth, 
uniform  edge  and  exact  size  of  blank  are  required,  it  should  be 
recut  or  "  shaved ''  in  a  second  die,  which  should  be  made  straight 
on  the  inside  cutting  edge  for  not  more  than  the  thickness  of  one 
block — or  two  at  the  most — in  order  that  the  die  may  retain  its 
exact  size  after  re-sharpening.  Allow  about  0.01  inch  on  the  out- 
side of  the  blank  for  shaving  to  |  inch  of  thickne.ss,  but  if  the 
blanks  are  of  hard  aluminum  alloy,  half  that  amount  will  l>e 
sufficient. 

The  cutting-edges  of  both  punch  and  die  should  be  sharpened 
very  smoothly  after  grinding  with  an  oil  stone. 

Lard  oil  or  melted  Eussian  tallow,  the  best  for  lubrication, 
should  be  used  on  both  sides  of  the  metal. 

Punches  and  dies  should  be  carefully  cleaned  occasionally  of 
the  fine  particles  of  aluminum  that  will  be  found  adhering  to  the 
edges. 

DE  A  WING-DIES  FOE  ALUMINUM. 

In  drawing  aluminum  of  a  thickness  not  more  than  -5^^  inch 
and  a  depth  of  draw  more  than  \  inch,  to  avoid  the  tearing  or 
wrinkling  of  the  blank  it  should  be  held  between  a  ring  sup- 
ported on  pins  and  springs  and  the  face  of  the  punch,  rather 
than  between  the  edge  of  the  forming  cavity  of  the  punch  and 
the  sides  of  the  forming- block,  as  is  the  case  in  a  draw-i>late  die ; 
but,  however  it  may  be  held,  after  it  is  drawn  up  first  in  U-shape 
— redrawing  several  times  if  necessary  in  ordinary  draw-plates 
and  plungers — care  must  be  taken  not  to  employ  too  fast  a  speed 
in  the  operation,  or  the  work  will  break  at  the  bottom  through 
too  sudden  impact. 

If  the  aluminimi  to  be  drawn  is  thicker  than  -^^  inch,  it  can 
be  drawn  direct,  without  the  spring  ring  mentioned  above,  to  a 
depth  of  f  inch,  or  even  deeper,  the  exact  depth  depending 
largely  of  course  ui>on  the  composition  of  the  aluminum  alloy, 
the  shape  of  the  article  to  be  produced,  the  finish  on  the  dies^ 
and  the  speed  of  the  press. 
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Aluminum  is  uot  a  suitable  metal  to  vork  in  compound  or 
sub-press  pieces,  :is  the  number  of  pieces  of  this  metal  that  can 
be  punched  out  without  putting  the  dies  ont  of  commission  by 
clogging  and  consequent  breaking  of  punches  will  not  be  suffi- 
cient to  pay  for  the  cost  of  the  tools. 

DRAWING  ALUMINUM  SHELLS. 

For  the  drawing  of  aluminum  shells,  tools  of  the  same  con- 
struction as  those  which  are  used  for  the  production  of  brass  or 
tin  ones  should  be  used.  One  x>eculiarity  of  aluminum  which 
manifests  itself  when  dmwing  the  metal  is  that  one  cannot  ob- 
tain as  great  a  depth  with  it  in  one  oi>eration  as  can  be  done 
witli  brass.  This  is  because  the  tensile  strength  of  aluminum  is 
somewhat  less  than  that  of  the  other  metal.  It  may,  however, 
1)0  drawn  deeper  without  annealing  than  any  other  commercial 
metal.  An  article  made  of  brass  requiring,  say,  three  or  four 
operations  to  complete,  must  usually  be  annealed  after  each  re- 
drawing operation ;  conditions,  such  as  the  thickness  of  the  stock, 
depth  of  draw,  etc.,  determining  this.  With  aluminum,  how- 
ever, if  the  proper  grade  is  used,  it  will  often  be  found  possible 
to  perform  the  entire  number  of  ojierations  without  annealing  at 
all,  or  at  most  once.  At  the  same  time  a  finished  shell  will  be 
produced  which  will  be  equal  in  every  way  to  one  made  from 
sheet  brass. 

BENDING   AND   FORMING   DIES   FOR  ALUMINUM. 

Bending  or  forming  dies  for  aluminum  should  have  all  the 
friction  parts  very  smooth  and  polished  in  the  direction  of  the 
draw  or  bend;  that  is,  the  grain  of  the  die  and  punch  should  be 
in  the  direction  in  which  the  metal  travels  in  the  die.  Lard  oil 
should  be  used  on  both  sides  of  the  work. 

SPINNING   ALUMINUM. 

In  spinning  aluminum,  best  results  ai-e  obtained  by  employ- 
ing a  high  speed,  with  a  light  pi-essure  of  the  spinning  tool, 
evenly  and  gradually  applied.  Aluminum  may  be  stamped 
under  a  drop-hammer  with  about  the  same  weight  and  momen- 
tum as  required  for  silver. 
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ANNEALING  ALUMINUM. 

Articles  of  aluminum  may  be  easily  annealed  by  heating  in 
an  ordinary  muffle,  taking  care  not  to  get  the  temperature  too 
high.  The  proper  annealing  heat  lies  between  650  and  700  de- 
grees Fahr.  The  best  test  for  the  heat  is  to  take  a  soft  pine  stick 
and  draw  it  across  the  metal.  When  the  wood  chars  and  a  black 
mark  is  left  on  the  metal,  it  is  sufficiently  annealed  and  is  in  the 
proper  condition  to  proceed  with  the  further  operations. 

POLISHING  AND  FINISHING  ALUMINUM. 

m 

Next  to  the  working  and  machining  of  aluminum  the  most 
important  processes  lie  in  the  polishing  and  finishing  of  it. 
After  the  articles  have  been  produced,  a  fine  polish  can  be  given 
them  by  first  using  a  rag  buflf  treated  with  tripoli  to  cut  down 
with.  The  high  finish  can  then  be  attained  by  using  a  dry  rouge 
that  comes  usually  in  lump  form,  first  grinding  it  to  as  fine  a 
powder  as  possible.  The  tripoli  also  should  be  very  finely 
ground. 

For  a  great  many  manufactured  aluminum  articles  a  frosted 
surface  is  desirable.  This  is  usually  done.by  scrateh -brushes  made 
of  brass  crimped  wire  of,  say,  No.  31  to  No.  34  B.  &,S.  gauge. 
Three  or  four  rows  of  bristlas  will  do.  To  lessen  the  work  of 
scratch-brushing,  the  meta.1  may  be  first  cut  down  with  a  por- 
poise-hide wheel  and  fine  Connecticut  sand,  the  sand  being  fed 
between  the  surface  of  the  wheel  and  the  article.  By  using  this 
latter  method  first,  the  skin,  pimples,  and  all  surf  ace  irregularities 
are  removed,  and  the  scratch -brushing  is  made  easy,  ^^^len  the 
worked  metal  is  smooth  and  of  good  ax>pearance  the  cutting 
down  with  tripoli  will  be  all  that  is  necessary,  after  which  the 
rouge  may  be  used  as  described,  and  the  finished  surface  i)ut  on 
with  the  scratch-brush.  By  taking  the  preliminary  precautions 
the  scnitch-brushing  will  frost  the  metal  quickly  and  uniformly. 

Another  way  of  obtaining  a  similar  eff'ect  to  that  of  the 
scratch-brush  is  by  sand-blasting.     This  is  usually  done  to  the 
sheets  before  working  them,  first  sand-blasting  and  then  scratch- 
brushing.     The  effect  remains  after  the  articles  have  been  drawn 
32 
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up,  as  the  metal  works  in  mach  the  same  manner  as  lithograph 
sheets  would,  in  the  working  of  which,  as  is  well-known,  the 
designs  are  not  marred. 

There  is  still  another  method  for  producing  a  very  pretty 
frosted  effect  on  aluminum.  It  consists  of  first  sand-blasting 
and  then  frosting  by  "dipping."  A  great  many  varieties  of 
finish  on  aluminum  can  be  obtained  by  suitable  combinations  of 
these  treatments. 

To  secure  a  pretty  mottled  effect  on  aluminum  the  article 
should  first  be  polished,  then  the  scratch  brush -applied,  and  then 
the  surface  burnished  with  a  soft  pine  wheel  which  should  be 
run  at  a  very  high  rate  of  speed.  •  By  careful  manupulation  regu- 
lar or  irregular  patterns  of  mottling  can  be  obtained. 

The  cheapest  and  most  economical  way  of  producing  articles 
with  finished  surfaces  from  the  sheet  is  to  treat  the  sheets  as 
follows :  After  removing  all  grease  and  dirt  from  the  metal  by 
dipping  in  beuzin,  cleanse  in  water  until  the  benzin  has  disap- 
peared, after  which  the  plates  may  be  dipped  in  a  strong 
solution  of  caustic  soda,  or  caustic  potash,  holding  them  in  the 
solution  until  they  commence  to  turn  black.  Then  remove  the 
sheets,  dip  again  into  water,  and  then  into  a  solution  of  concen- 
trated nitric  and  sulphuric  acids.  After  i-emoving  from  this 
last  bath,  wash  the  sheets  thoroughly  in  water,  and  dry  in  hot 
sawdust.  The  finish  on  the  plates  can  be  varied  by  varying  the 
strength  of  the  caustic  solution,  or  by  adding  a  small  quantity  of 
salt  to  the  full-strength  solution. 

BURXISHIXG. 

For  articles  which  require  to  be  burnished  a  steel  burnisher  or 
a  bloodstone  will  give  the  best  results.  When  burnishing  the 
use  of  a  mixture  of  melted  vaseline  and  crude  oil  as  a  lubricant, 
or  a  solution  composed  of  three  tablespoons  of  borax  dissolved 
in  a  quart  of  hot  water  with  a  few  drops  of  ammonia,  will  add 
to  the  finish  of  the  work. 

EXGRAYING   AXD   CHASIXG   ALUMINUM. 

A  great  deal  of  engraving  is  now  l)eing  done  on  aluminum, 
such  as  on  finished  picture-frames,   cups,   trays,   book-covers, 
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match-safes  and  similar  articles,  and  for  this  work  the  best  lubri- 
cant to  iise  on  the  tools  is  naphtha  or  crude  oil.  A  mixture  of 
crude  oil  and  vaseline  also  is  good.  However,  the  naphtha  will 
be  found  the  best,  as  it  will  not  affect  the  satiny  finish  around 
the  edges.  Besides  the  use  of  a  proper  lubricant  when  engrav- 
ing aluminum,  considerable  skill  is  necessary  in  the  making  and 
use  of  the  cutting-tool.  A  tool  made  similar  to  a  turning  tool 
for  aluminum,  finished  to  a  sharp,  keen  point  with  lots  of  clear- 
ance, will  work  excellently. 

A  property  that  makes  pure  aluminum  very  valuable  for 
many  purposes  lies  in  its  ability  to  withstand  the  action  of  acids. 
While  the  metal  is  easily  affected  by  alkalies,  the  strongest 
acids. do  not  injure  it  to  any  noticeable  extent — in  fact,  acid  acts 
on  it  in  much  the  same  manner  as  on  platinum.  For  parts  of 
api)aratus  which  have  to  be  immersed  in  strong  acids  for  consid- 
erable periods,  parts  of  aluminum  will  prove  highly  eflScient. 
One  use  to  which  the  metal  has  been  put  in  this  respect  is  for 
hooks  for  removing  photographic  negatives  from  the  acid  baths. 
Acid  funnels  of  aluminum  also  have  proved  a  boon  to  many. 

SOLDERING   ALUMINUM. 

The  hist,  but  not  by  any  means  the  least  valuable,  process  in 
the  working  and  use  of  aluminum  is  soldering.  To  many  the 
difficulties  experienced  in  this  line  have  proven  a  great  detri- 
ment to  the  successful  use  of  the  metal  for  many  purposes.  The 
uncertainty  as  to  the  best  solder  to  use  has  been  one.  There  are 
any  number  of  solders  which  have  proved  fairly  successful  when 
skill  has  been  emi)loyed  in  using  them.  The  following  has 
proven  to  be  the  best  in  practice  for  soldering  the  pure  metal  or 
any  of  its  alloys:  Fuse  together  one  pound  of  block  tin,  four 
ounces  of  spelter,  two  ounces  of  pure  lead,  three  pounds  of 
phosphor  tin.  With  benzin  clean  all  dirt  and  grease  from  the 
surfaces  of  the  parts  to  be  soldered  and  then  apply  the  solder 
with  a  heated  copper  'Mron."  When  the  melted  solder  covers 
the  surfaces  completely,  scratch  through  it  with  a  wire  brush, 
which  will  break  the  oxide  and  take  it  up.  Spread  the  solder 
again  with  the  iron  and  allow  to  cool.  When  it  is  found  neces- 
sary to  "  sweat "  aluminum  parts  together,  first  clean  the  surfaces 


500  TOOL-MAKING. 

as  described  for  soldering,  then  heat  the  parts  until  the  solder 
flows  freely  over  them,  scratch  through  with  the  wire  brush, 
wipe  with  clean  waste,  and  clamp  together.  A  first-class  joint 
will  result. 

ALUMINUM   AS  AN  ABRASIVE. 

Aluminum,  despite  its  metallic  character,  can  be  used  as  an 
abrasive  for  sharpening  knives.  It  has  the  structure  of  a  deli- 
cately grained  stone,  and  under  friction  gives  an  extremely  fine 
mass  which  adheres  powerfully  to  steel.  Consequently,  blades 
sharpened  on  aluminum  rapidly  take  a  thin,  sharp  edge  which 
cannot  be  produced  by  the  best  stones.  If  knives  are  passed 
with  utmost  care  over  a  razor  stone,  the  edge,  when  magnified 
1,000  times,  shows  irregularity  and  toughness,  while  edges  pro- 
duced on  aluminum,  when  submitted  to  the  same  examination, 
appear  perfectly  straight  and  smooth. 


CHAPTER  XXXIL 

Hints,  Kinks,  Ways,  and  Methods  of  Use  to  Tool- 
makers  and  Die-makers. 

NOTES  ON  CIRCULAE  FORMING  TOOLS. 

When  making  circular  fonniug  tools  always  keep  the  fact  in 
mind  that  the  diameter  has  much  to  do  with  their  wearing  quali- 
ties; and  that  unless  their  diameter  is  proportionate  to  the  diam- 
eter of  the  work  satisfactory  results  will  be  hard  to  obtain. 

In  Fig.  572  are  shown  two  circular  tools  of  1 J  and  2  inches 
diameter,  respectively,  both  cut  out  i  inch  below  centre,  as  they 
would  be  if  intended  to  operate  on  the  front  side  of  the  machine 


Fig.  572. 

or  at  the  back  side  with  the  work  running  backward.  Although 
shown  in  this  position,  the  principle  involved  is  of  course  the 
same  as  though  the  tools  were  placed  tlie  other  side  up,  the  tool- 
post  being  bored  out  above  the  centre-bore  of  work  spindle,  in- 
stead of  below,  as  in  the  case  referred  to. 

Referring  to  Fig.  572  it  is  easy  to  see  that  the  cutting-edge  of 
the  larger  tool  would  have  much  greater  endurance  than  that  of 
the  smaller,  the  rake  or  clearance  of  the  latter  being  excessive. 
This  difference  of  rake  in  circular  cutters  must  of  course  in- 
crease with  the  difference  in  diameter  of  the  cutters,  i)rovided 
the  (uitting-edges  are  located  at  the  same  distance  from  centre. 

The  case  is  similar  to  that  in  Fig.  573,  where  are  shown  side  by 
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side  two  straight  cuttiug-oflf  tools,  the  clearance  of  one  ground 
as  at  E  and  the  other  as  at  F,  The  angle  of  clearance  of  R  is 
practically  the  same  as  that  of  the  larger  circular  tool  in  Fig. 


Fig.  573. 

574,  while  that  of  F  coincides  with  that  of  the  smaller  tool  and 
shows  much  less  durability  than  the  tool  ground  as  at  E, 

It  is  usually  the  best  practice  in  making  tools  for  a  certain 
size  machine  to  keep  them  as  closely  to  one  diameter  as  possible. 
In  the  larger  machines  cut  out  the  tool  -^  inch  from  centre, 
and  of  course  bore  the  tool -post  a  corresponding  amount  above 
or  below  the  centre,  according  to  which  side  up  the  tool  is  to  be 
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FIG.  574. 

operated.  For  the  smaller  machines  make  the  tools  of  less  diam- 
eter, cutting  them  out  i  inch  from  centre  and  boring  the  post  to 
correspond.  In  Fij;.  574  line  A  B  represents  centre  of  work,  CD 
centre  of  large  cutter,  showing  the  same  cut  -^^  inch  below  cen- 
tre, while  C  D  represents  centre  of  small  cutter  and  shows  the 
sjime  cut  i  inch  b(»low  centre.  The  clearance  of  both  cutters  is 
practically  identical. 

A    KINK   FOR   DRAWN   WORK. 

A  sharp  corner  under  a  shoulder  or  flange  is  often  a  very  de- 
sirable thing,  and  one  generally  considered  impossible  in  drawn 
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work  because  of  the  necessity  of  a  round  corner  on  the  die  to  keep 
the  metal  from  tearing  while  being  drawn  through  the  die.  There 
is  a  method,  however,  of  doing  this  that  is  quite  successful,  as 
shoisfn  by  the  accompanying  sketch,  and  it  seems  to  be  about  the 
only  way  it  can  be  done.  The  "kink"  consists  in  making  the 
punch  a  series  of  st^ps  as  per  Fig.  575,  with  round  corners  instead 
of  a  parallel  one,  as  in  the  usual  practice ;  the  steps  to  be  about  as 
far  apai*t  as  the  depth  to  be  drawn ;  and  the  difference  in  diame- 
ter of  steps  to  be  determined  by  thickness  of  stock.  The  blank, 
instead  of  being  a  round  disk,  is  a  washer,  the  outer  edges  held 
not  too  tightly  by  the  usual  pressure  ring  or  plate,  and  the  end  of 
the  punch  to  be  a  little  larger  than  the  hole  in  the  washer.     The 
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punch  will  open  the  hole  to  the  full  diameter  of  the  end  and  turn 
the  sharp  comer  of  the  disk  in  the  most  surprising  manner.  The 
steps  follow  each  other  rapidly,  each  one  enlarging  the  hole  to 
its  own  size  and  carrying  the  stock  down  through  the  die,  the 
last  step  being  the  finished  size  of  the  interior  of  work,  and  the 
hole  in  the  dies  being  the  outside  diameter  of  same.  A  die  like 
this  needs  a  press  with  a  good  long  stroke,  depending,  of  course, 
upon  the  character  of  the  work. 

BRASS-WORKING  TOOLS  AND  THEIR  USE. 

Figs.   57(>  to  583   illustrate  brass-working    tools  for   hand 
work.     No.  576  is  a  flat  planishing  tool  which  is  used  for  finish- 
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iiig  autl  Hinootbiug  down  flat  sarfaoes,  and  also  coDvex  surfaoefl. 
No.  577  is  a  flat  plauisher,  ground  at  an  angle  bo  as  to  allow  of 
getting  into  a  corner.  Nos.  67S  and  579  are  for  finishing  in  rotmd 
corners  or  roughing  concave  surfaces.  No.  580  is  a  small  ronnd- 
no6o  tool  which  is  generally  uRed  for  roughing  out  work  or  get- 


ting under  ttu^  scnle  of  a  casting.  No.  581  is  the  proper  form 
of  hand  ciittiug-ofl'  or  parting  tool.  None  of  these  tools  should 
have  any  top  rake;  on  tlic  contrary,  they  should  be  ground 


slightly  till'  other  way  and  eai^efnlly  stoned  on  an  oil  stone. 
Nob.  r».S2  and  ."iS.'J  ai-e  hand  f  lirciid  chasers,  which  are  respectively 
for  outside  and  inside  Ihi-ejids. 

The  tools  ."hown  in  Figs.  .W-I  to  r»!>l  ai-e  for  use  in  the  Fox 
lathe.  The  honk  tools  which  ai-c  xnxd  in  the  back  head  of  the 
machine  closely  resemble  the  ifgular  iiL-^ide  toots,  except  that 
tho  poiut  is  turnwl  the  other  way  for  outside  woik.     Sometimes 
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a  tool- holder  similar  to  that  showu  with  set-screw  is  used  with 
small  inseiled  cutters.  Give  these  tools  no  top  rake  and  np 
diflBculty  will  be  encountered  in  their  use. 

By  grinding  a  twist  drill  as  indicated  at  B  all  danger  of 
drawing-in  will  be  avoided ;  that  is,  grinding  the  lips  flat  for  a 
short  distance.  On  a  small  drill  the  whole  point  may  be  ground 
flat  to  obtain  the  best  results. 

The  flat  hand  drill  illustrated  is  the  best  for  rough-boring  a 
hole  in  a  solid  piece.  A  series  of  such  are  used  for  taper  holes, 
the  larger  being  used  first  and  the  others  following  to  the  proper 
depth  to  make  about  the  required  taper.  This  is  then  reamed 
out  to  the  exact  taper  with  various  tools.  A  flat  reamer  is  often 
employed  with  good  results,  especially  for  roughing.  For  finish- 
ing it  is  very  apt  to  chatter  unless  packed  on  each  side  with  a 
piece  of  hard  wood  of  about  the  riglit  shape  to  conform  to  the 
hole.  Sometimes  a  reamer  with  a  single  large  flute,  as  shown,  is 
used  with  good  results.  It  is  relieved  nearly  all  the  way  around. 
For  finishing,  it  is  hard  to  beat  the  old  reliable  square  reamer 
as  shown  at  590.  This  reams  a  nice  smooth  hole  as  it  fills  up 
with  chips  enough  to  prevent  chattering,  and  it  starts  well  if 
carefully  ground  and  honed  on  an  oil  stone. 

GRINDING   TWIST  DRILLS  FOR  CUTTING   A   SECTION 

OF   A   HOLE. 

In  order  to  drill  holes  in  which  part  of  the  drill  has  to  cut  a 
section  of  a  hole  as  shown  in  the  sketches  Figs.  592  and  593  the 
drill  should  be  ground  jis  shown  in  Fig.  593.  It  will  then  be 
found  as  easy  to  drill  che  holes  straight  as  if  drilling  a  full  hole. 

To  start  the  drill,  use  an  ordinary  drill,  drilling  just  deep 
enough  to  enter  the  blades  of  the  drill  as  ground  in  Fig.  593 ;  or 
a  jig  may  be  used  to  guide  the  drill  in  starting. 

TURNING  AND  TRUING  RUBBER. 

The  medium-hard  compositions  of  rubber  work  very  nicely 
with  a  diamond-point  tool,  ground  a  little  round  on  the  point 
and  given  a  sharp  nike.  The  tool  should  be  hardened  very  hard, 
as  there  is  sufficient  fine  grit  in  the  rubber  to  wear  the  edge 
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badly.  The  speed  is  goverDed  by  tbe  ability  of  the  tool  to  stand 
up  to  the  work,  and  is  slower  iu  proportion  as  the  robber  is 
harder. 

Soft-rubber  articles  cannot  be  cut  satisfactorily  with  any  kind 
of  a  tool ;  the  best  and  quickest  vay  is  to  grind  them  down.  In 
fact,  grinding  makes  Iho  most  satisfactory  job,  whether  the  rub- 
ber is  hard  or  soft. 

The  grinding  may  be  done  in  a  lathe,  otingan  overhead  drum 
for  driving  the  wheel  and  bolting  the  wheel  arbor  to  the  tool- 
IH)st  block. 

In  plants  where  eloctricity  can  be  had  a  small  direct-con- 
uected  motor,  with  Hcsible  cord  and  plug,  makes  the  most  con- 


venient drive,  as  it  is  I'eadily  detached  and  put  away  when  not 
in  nse,  leaving  plenty  of  head  room  over  the  machine,  a  quite 
important  detail  in  shops  whore  most  of  this  work  is  done,  and 
where  one  or  two  lathes  have  to  do  all  the  work,  large  and  small. 
The  l»'Bt  ix'sults  are  obtained  by  using  cast-irou  disks  for 
whwls,  8  to  10  inches  in  diameter  and  \\  inches  thick,  with  a 
groove  1  inch  wide  and  J  inch  deep  turned  in  the  face.  This 
groove  is  fille<l  with  strong  twine,  laid  on  tight  in  hot  glue  and 
then  covered  with  scvenil  coats  of  glue  and  No.  40  emery. 
These  wheels  are  lo  run  dry. 
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PATENT  TOOL-HOLDEBa 

Pigs.  694  to  600  show  a  complete  set  of  the  tools  that  witJi  a 
straight  tool-holder  will  accomplish  all  ordiuary.  lathe  work. 

Ill  grinding  these  tools  always  take  them  out  of  the  holder, 
otherwise  they  will  be  too  heavy  and  liable  to  heat  when  placed 
against  the  emery  wheel.     If  the  cutter  alone  is  held  in  the  hand 


^ 


r^ 


|W       l^ 


it  gives  timely  wariiiug,  by  becoming  too  hot  to  hold  comforta- 
bly, iind  is  cooled  off  before  it  gets  hot  enough  for  the  t«mper  to 
be  drawn. 

H  AR]  >-SOLDEBING. 

In  the  operation  of  liard-soldering,  if  the  action  of  heat  and 
the  nature  of  the  metals  in  hand  are  understood,  there  should  be 
no  trouble  in  obtaining  a  good  sound  joint,  provided  the  proper 
facilities  are  available.  Jewellers,  as  a  rule,  are  very  painstak- 
ing in  their  preparatory  work,  rubbing  borax  paste  upon  slate, 
exercising  great  care  to  avoid  touching  the  joint  with  the  hands, 
so  HA  to  have  chemically  clean  metiillic  surfaces,  etc.  This  is  all 
correct,  theoretically,  but  some  machinist  workmen  also  pay  all 
attention  to  these  details,  and  yet  lose  sight  of  the  more  impor- 
tant fundamental  principles,  especially  those  pertaining  to  tem- 
perature. In  a  large  portion  of  the  hard-soldering  to  be  done  in 
the  avcRige  shop,  the  observance  of  these  minor  details  first 
referred  to  would  involve  considerable  trouble.  These  may  be 
safely  ignored  to  a  large  extent  if  the  applications  of  flux,  solder, 
and  temperature  are  properly  made. 

Have  Ihe  joint  as  tight  as  possible,  to  prevent  the  solder  from 
running  through  withotit  filling.  Apply  the  fiox  paste  before  any 
heating  is  done,  and  do  not  put  the  solder  on  until  the  work  is 
about  a  low  red  heat,  depending  ou  the  character  of  the  work. 
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metal,  shape,  etc  Apply  the  heat  to  the  joint  rather  than  to 
the  solder,  and  if  the  solder  runs  immediately  as  it  is  used,  have 
no  fears  as  to  the  success  of  the  job.  In  cases  where  a  joint  can- 
not be  drawn  tight,  fill  up  with  wire,  scrap  metal,  fillings,  etc., 
of  the  same  metal  as  the  work.  This  may  also  be  applied  to  the 
outside  of  the  joint  if  it  is  desired  to  retain  solder  for  reinforce- 
ment. 

If  these  rules  are  adhered  to,  it  will  be  unnecessary  to  mix 
your  flux  paste  on  slate,  and  slight  fingering  will  not  prevent 
the  making  of  a  good' joint.  However,  cleanliness  is  a  trait  to 
be  cultivated,  and  is  desirable  in  all  soldering  operations.  If 
the  joint  is  not  reasonably  clean,  solder  will  not  flow  readily, 
more  being  required  to  dispel  or  vaporize  the  grease  or  other 
foreign  matter. 

SPEED   OF   PULLEYS  AND  GEARS. 

In  any  system  of  pulleys  or  gears  the  general  rule  holds  that 
the  product  of  the  diameters  or  number  of  teeth  of  the  driving^ 
wheels  and  the  number  of  revolutions  per  minute  of  the  first 
driver  must  equal  the  produ(*t  of  the  diameters  or  number  of 
teeth  of  the  driven  and  the  number  of  revolutions  per  minute  of 
the  last  driven  wheel. 

The  most  fre<iuent  pulley  calculations  in  the  machine-shop  re- 
late to  the  speeds  of  machines  and  countershaft^;,  for  which  we 
have  the  four  followiDg  rules,  based  upon  the  above  principle. 

First,  speed  of  pulley  on  machine  given,  to  find  speed  for 
countershaft.  Multii)ly  the  number  of  revolutions  per  minute 
of  the  machine  pulley  by  its  diameter  and  divide  this  product  by 
the  diameter  of  the  driving  pulley  on  the  countershaft. 

Second,  speed  of  countershaft  given,  to  find  the  diameter  of 
pull(\v  to  drive  machine.  Mnltiply  the  number  of  revolutions 
pe-r  niinnte  of  the  machine  pulley  by  its  diameter,  and  divide 
the  product  by  the  number  of  revolutions  per  minute  of  the 
countershaft. 

Third,  speeds  of  main  shaft  and  of  countershaft  given,  to  find 
diameter  of  j)ulley  on  countershaft.  Multiply  diameter  of  main 
pulley  and  divide  by  number  of  revolutions  per  minute  of  coun- 
tershaft. 
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Fourth,  speed  of  couutersliaft  given,  to  find  diameter  of 
pulley  for  line  shaft.  Multiply  number  of  revolutions  i)er  min- 
ute of  the  countershaft  by  the  diameter  of  the  pulley  belting 
with  the  main  line,  and  divide  the  product  by  the  number  of 
revolutions  per  minute  of  the  line  shaft. 

ETCHING   STEEL. 

For  etching  names,  dates,  designs,  etc.,  in  steel,  use  any  of 
the  following  recipes: 

No.  1. — Iodine, .2  parts;  potassium  iodide,  5  parts;  water,  40 
parts. 

No.  2. — Nitric  acid,  60  parts;  water,  120  parts;  alcohol,  200 
parts ;  copper  nitrate,  8  parts. 

No.  3. — Glacial  acetic  acid,  4  parts;  nitric  acid,  1  part;  al- 
cohol, 1  part. 

BORING    LONG   CAST-IRON   TUBES. 

When  boring  long  cast-iron  tubes  of  large  diameter — say  15 
inches — excellent  results  may  be  attained  by  using  kerosene  as  a 
lubricant,  and  a  "packed  bit"  of  the  type  used  for  gun-boring. 
Holes  of  the  smoothness  of  glass  will  be  the  result. 

TINNING   CAST   IRON. 

The  following  tinning  for  cast  iron  will  turn  out  whiter  and 
harder  than  that  with  tin  alone:  Iron,  6  parts;  tin,  85  grammes; 
nickel,  9  grammes.  Dissolve  the  three  metals  in  hydroc^hloric 
acid.  This  alloy  will  adhere  well  to  the  cast  iron  and  present  a 
verv  brilliant  surface. 

All  tanks  used  for  pickling  cast  iron  in  vitriol  should  l>e  lined 
with  lead  and  the  seams  burned  together,  not  soldered.  When  a 
pickling  tank  is  lined  with  zinc  it  will  last  but  a  short  time 
under  the  action  of  the  acid.     Solder  is  also  acted  upon. 

A  HANDY   DIE  AND    TOOL-MAKER'S  CLAMP. 

In  Fig.  601  are  shown  sketches  of  a  very  handy  clamp.  It 
may  be  used  for  many  purposes  other  than  the  one  indicated. 
In  this  case  it  does  away  with  the  making  of  temi>lets  in  die- 
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making  after  the  master  blank  lias  been  made.  First,  the  exact 
centre  of  the  die  blank  is  found ;  then  the  blank  is  placed  in  its 
proper  position  on  the  face  and  clamped  there  as  shown  in  the 
sketch.     Then  the  outline  of  the  blank  is  scribed. 

The  clamp  may  also  be  used  to  hold  the  steel  block  for  the 


Flu.  601. 

punch  securely  ajcaiust  the  die  face ;  thus  facilitating  the  turning 
of  the  work  to  the  lij»ht  and  examining  the  inside. 

LITBKK  AXT   FOR   DRAWING   SHELLS. 

Take  one  pint  of  common  lard  oil,  two  pounds  of  opodeldoc 
soap,  eight  gallons  of  water ;  steam  or  heat  until  warm.  Attach 
a  square  pan  to  the  front  of  the  press  and  keei)  the  shells  well 
covered.  With  very  small  shells,  such  as  primers  or  pencil  tips, 
it  will  be  ueeessiiry  to  keep  the  solution  warm ;  but  with  large 
shells  this  will  not  be  necessary.  This  is  the  best  lubricant  for 
drawing  shells  from  thin  metal  that  I  have  ever  come  across. 

TO   GLUE  LEATHER  TO   IRON. 

To  glue  leather  to  iron,  paint  the  iron  with  some  kind  of  lead 
color,  say  white  lead  and  lamp-black.  When  dry,  cover  with  a 
cement  made  as  follows:  Take  the  best  glue  procurable,  soak  it 
in  cold  water  till  soft,  then  dissolve  in  vinegar  with  a  moderate 
heat,  then  add  one-third  of  its  bulk  of  white  pine  turpentine, 
thoroughly  mix,  and  by  means  of  vinegar  make  it  the  proper 
consistency  to  be  spread  with  a  brush.     Apply  the  cement  while 
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hot ;  draw  the  leather  on  or  around  quickly,  and  press  tightly  in 
place.  In  case  of  a  pulley,  draw  the  leather  around  tightly  as 
possible,  lay  and  clamp. 

KEEPING    NOTE-BOOKS. 

Before  concluding  this  chapter  I  feel  that  it  will  l)e  well  to 
present  a  few  remarks  on  the  advantage  of  keeping  note -books 
in  which  to  note  and  preserve  the  valuable  and  useful  informa- 
tion which  abounds  in  the  mechanical  press  and  which  one  be- 
comes informed  of  through  association  with  brother  mechanics, 
or  through  experience  and  practical  observation.  It  is  a  fact 
that  the  diffusion  of  knowledge  is  retarded  greatly  by  mechanics 
in  general  trusting  to  th^ir  memory  for  the  preservation  of  valu- 
able information,  instead  of  to  more  reliable  means. 

The  most  simple  way  to  gain  by  one's  reading  and  observa- 
tion is  to  determine  to  fix  upon  some  plan  within  one's  capacity, 
means,  and  opportunity — those  which  come  in  one's  daily  routine 
— and  to  follow  it  preseveringly,  regularly,  and  punctually,  as  an 
important  factor  in  one's  daily  duties.  Many  men  owe  their  suc- 
cess in  life  to  the  keeping  of  note-books  in  which  they  had  noted 
information  which,  while  of  little  moment  at  the  time  when  writ- 
ten, proved  of  inestimable  value  at  a  later  date. 

A  good  way  is  to  keep  three  note-books:  one  for  jotting  down 
items  and  notes  and  sketches  which  come  to  one  in  the  shop 
through  observation,  hearsay,  and  experience.  This  book  should 
be  of  pocket  size.  The  second  book  should  be  a  large,  strongly 
boupd  manuscript  book  having  horizontal  ruled  linens.  In  this 
one  can  write  something  every  evening — something  one  has  read 
in  a  mechanical  paper.  The  third  book  may  be  a  scrap-book  of 
the  usual  kind,  in  which  sketches,  small  drawings,  dijigrams,  and 
illustrations  of  new  machines  and  appliances  may  be  pasted.  By 
following  this  suggested  plan  one  will  become  a  close  and  accu- 
rate observer,  an  enlightened  and  well-informed  man,  and  a  bet- 
ter mechanic;  no  matter  what  line  he  is  engaged  in,  he  will  not 
only  gain  in  knowledge,  but  may  gain  financially  by  publishing 
in  the  mechanical  press  any  information  which  has  come  to  him 
through  experience  and  observation  and  which  appears  to  be 
new  or  novel. 


CHAPTER  XXXIIL 

The  Value  of  Up-to-date  Fixtures  and  Machine 

Tools. — Condtmon. 

In  the  preceding  chapters  I  have  endeavored  to  illustrate  and 
describe  the  most  approved  construction  and  methods  for  accom- 
plishing the  best  results  in  modern  tool-making  and  interchange- 
able manufacturing;  and  before  drawing  this  work  to  a  close  I 
have  thought  it  fitting  to  conclude  by  discussing  the  value  of  im- 
proved and  labor-saving  fixtures  and  machines,  and  to  present 
what  to  me  appears  to  be  the  only  system  by  which  the  Ameri- 
can machine-shop  or  manufacturing  plant  can  retain  its  place  at 
the  head  of  the  world\s  list  of  industrial  supremes. 

LACK    OF   KNOWLEDGE  OF  MACHINE  TOOLS. 

Notwithstanding  the  vast  amount  of  literature  that  is  being 
circulated  to-day  describing  and  illustrating  the  uses  of  new 
machines,  appliances,  etc.,  for  economic  manufacturing,  there  is 
a  wofiil  lack  of  knowledge  among  shop  managers,  sui)erintend- 
ents,  and  proprietors  as  to  their  possibilities,  and  among  me- 
chanics of  how  to  operate  them  properly.  If  any  one  has  an  ex- 
cuse for  this  lack  of  knowledge  it  is  the  mechanic ;  for  while  the 
heads  of  establishments  are  constantly  receiving  printed  matter 
describing  what  the  machine  can  do,  and  have  representatives 
calling  on  them  to  discuss  the  labor-saving  features  of  the  ma- 
chin(\s  they  are  stalling,  the  mechanic  has  to  rely  solely  upon  the 
knowledge  gained  previously  in  the  running  of  other  similar 
machines  to  assist  him  in  mastering  the  details  in  the  operation 
of  the  new  one. 

^aiPTO-THE-MINUTE''   MACHINE  TOOI^ 

To-day  the  amount  of  money  and  time  that  is  wasted  every 
day  in  shops  is  apparent  to  verj"  few.  Even  superintendents, 
shop  managers,  and  master  mechanics  fail  to  realize  the  economy 
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that  can  be  effected  in  the  production  of  duplicate  metal  articles 
and  interchangeable  machine  parts  and  the  increasing  of  the  effi- 
ciency of  the  output,  by  replacing  worn-out  and  obsolete  ma- 
chines with  others  that  are  "up-to-the-minute,"  equipping  them 
with  suitable  fixtures  and  tools,  and  operating  them  as  they  were 
<lesigned  and  built  to  be  operated. 

ADVANTAGES  GAINED  THEOUGH  THE  USE  OF 

IMPROVED  TOOLS. 

It  goes  without  saying  that  the  most  important  item  in  the 
cost  of  running  a  modern  machine  shop  or  a  manufacturing  plant 
is  the  labor  bill.  The  tools  and  machines  in  the  hands  of  and 
operated  by  the  workman  determine  the  size  of  the  output  to  a 
given  size  of  labor  account.  Thus  the  advantages  to  be  gained 
in  manufacturing  by  the  use  of  up-to-date  machines  and  special 
tools  and  fixtures  are  obvious ;  as  the  cost  of  the  machines  and 
the  amount  expended  in  the  designing  and  constructing  of  special 
tools  will  be  quickly  balanced  on  the  profit  side  when  the  in- 
crejised  output  and  the  efficiency  of  the  parts  produced  through 
their  use  are  compared  with  the  results  under  the  old  methods. 
Another  advantage  to  be  gained  through  the  use  of  improved 
tools  is  the  almost  total  elimination  of  the  obtainable  results  de- 
pending upon  the  degree  of  skill  and  intelligence  possessed  by 
the  workman ;  thus  allowing  of  employing  less  expensive  help 
in  the  manufacture  of  the  required  parts. 

The  above  enumerated  advantages  gained  through  the  use  of 
modern  machines  and  tools  should  be  so  thoroughly  recognized 
by  the  executive  heads  of  manufacturing  plants  that  the  aim 
should  be  universal  to  weed  out  all  inferior  tools,  and  allow  to 
i-emain  nothing  but  the  most  efficient  machines,  tools,  and  fixtures 
in  the  hands  of  the  workman ;  so  that  the  mechanic  may  produce 
a  jijreater  quantity,  or  a  better  quality  o'*  vork,  irrespective  of 
liis  degree  of  skill,  and  without  increased  exertion — mentally  or 
physically. 

IDEAL  TWENTIETH-CENTURY   MANUFACTURING. 

Ideal  twentieth-century  manufacturing  is  attained  through 

the  constant  endeavor  of  shop  officials  to  increase  the  dividend 
33 


614  TOOL-MAKING  AND 

on  each  dollar  of  investment.  If  au  old  machine  can  be  replaced 
with  an  improved  one  which  will  be  capable  of  producing  more 
work,  or  the  same  quantity  of  work  with  less  labor,  it  should  be 
installed.  Often  the  instiillation  of  a  new  machine  in  place  of 
an  obsolete  one  has  saved  from  fifteen  to  one  hundred  per  cent, 
and  over  per  annum  on  the  investment.  Those  who  doubt  this 
assertion  have  only  to  inquire  of  the  manufacturers  of  new  ma- 
chines in  order  to  substantiate  my  claim. 

DEPRECIATION   IN  MACHINE-SHOP. 

The  depreciation  of  a  machine-shop  that  is  merely  kept  in 
repair  will  pile  up  just  as  fast  as  better  and  improved  machines 
and  tools  are  installed  and  used  in  competing  shops.  The 
amount  of  depreciation  will  not  be  evidenced  by  the  books;  but 
it  will  go  on  just  the  same  and  dividends  will  be  declared  out  of 
the  inventory — not  out  of  the  earnings.  Of  course  this  depre- 
ciation can  in  some  cases  be  continued  for  some  years  without 
the  ultimate  end  coming  in  view.  But  at  the  best  the  smash  will 
only  be  postponed  and  the  result  will  be  worse.  Though  this 
simple  decline  in  the  plant's  value  may  not  be  considered  of 
much  moment,  the  increased  cost  of  its  product  and  the  inferior 
eflicieney  of  the  same  as  compared  with  that  of  competing  com- 
panies will  eventually  ruin  it.  While  it  is  not  always  possible 
to  replace  sill  or  even  the  greater  part  of  an  obsolete  equipment 
with  new  machines,  it  can  be  done  gradually.  Keep  putting  in 
bettor  and  more  efficient  tools  and  machines  every  year  and  the 
plant  will  k(iep  its  place  in  the  front  ranks  of  prosperous  establish- 
ments. 

CAUSES   OF   DEPRECIATION   IN  SHOPS. 

Lack  of  concentration,  of  specialization,  of  information,  and 
too  much  attention  to  other  duties  in  the  general  run  of  business 
usually  account  for  the  depreciation  of  a  plant;  as  the  cost  of 
installing  up-to-date  fixtures  for  the  duplicate  production  of 
small  repetition  i)ai'ts  and  the  replacing  of  old  machines  with  im- 
proved ones  will  not  ordinarily  exceed  the  extra  cost  per  year  of 
production  by  old  methods  and  of  running  and  keeping  in  repair 
the  old  machines.  In  fact,  there  is  7io  excuse  for  the  non-installa- 
tion in  any  shop  of  a  machine  which  will  turn  out  more  and  bet- 
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t^r  work  than  an  old  one,  as  the  manufacturers  of  such  machines 
are  always  willing  to  assume  all  cost  of  demonstrating  their  effi- 
ciency and  labor-saving  qualities. 

THE  SELECTIOX   OF   MACHINES    FOR  MANUFAC- 

TUIUNG    PUEPOSES. 

Again,  in  the  selection  of  machines  for  manufacturing  pur- 
poses, extremes  should  be  avoided.  We  have  to  select  from  the 
'^  uni versiil  type, "  the  " special, "  and  the  ^*  happy  medium. "  The 
"  universal "  machine  unsually  lacks  efficiency ;  and  it  is  difficult 
to  produ^jeinterchangeable  machine  parts  of  a  high  grade  in  it. 
The  ^^ special"  machine  lacks  working  range;  and  unless  large 
quantities  of  work  of  the  same  kind  are  constantly  required  the 
machii/e  is  frequently  idle.  The  "happy  medium,"  then,  is  the 
one  f  OT  most  shops. 

UNIVERSAL  EQUIPMENT  VS.    WORKING-RANGE 

EQUIPMENT. 

In  the  average  machine-shop  or  manufacturing  plant  of  to- 
day important  changes  frequently  occur.  In  such  establishments 
the  efficiency  of  the  manager  lies  in  his  ability  to  have  the  shop- 
ready  for  such  changes — changes  which  frequently  entail  the 
entire  product  of  the  works.  Thus  a  well-informed  and  prac- 
tical manager  is  able  to  make  changes  in  the  product  and  at  the 
same  time  avoid  an  excessive  depreciation  of  the  shop's  value. 

The  properly  equipped  machine-shop  of  to-day  has  an  equip- 
ment which  is  either  universal  or  at  least  within  its  working 
range  and  which  will  at  the  same  time  possess  the  greatest  effi- 
ciency. Thus  the  jobbing  shop  will  have  a  universal  equipment ; 
while  the  machine-tool  shop  will  have  a  working-range  equip- 
ment. It  is  to  such  plants  that  we  owe  our  manufacturing 
supremacy,  as  they  are  the  ones  who  compete  with  and  under- 
sell foreign  manufacturers  on  their  own  ground. 

CAUSE  OF  THE  GREAT  DEVELOPMENT  IN  MACHINE 

TOOLS. 

The  introducing  of  innovations  and  the  adaptation  of  radical 
ideas  are  constantly  occurring  all  along  the  lines  of  machine-tool 
manufactaring  and  the  production  of  mechanical  apparatus. 
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The  cause  of  this  wonderful  growth  in  the  number  of  types  of 
machine  tools,  and  their  great  capacity  for  fine  work,  may  be 
directly  traced  to  the  great  improvements  in  electrical  devices, 
necessitating  numbers  of  machine  tools  of  improved  construction 
to  produce  their  complicated  parts.  This  has  been  the  cause  of 
the  great  activity  in  machine-tool  improvement  and  building  be- 
cause, first,  it  called  for  new  methods  and  facilities  for  manu- 
facture. 

Another  event  having  an  effect  on  the  designing  and  manu- 
facturing of  machinery  entirely  unlooked  for  at  the  time  of  its 
inception  was  the  manufacture  of  the  bicycle.  This  event 
brought  out  the  capabilities  of  the  American  mechanic  as  noth- 
ing else  had  ever  done.  It  demonstrated  to  the  world  at  large 
that  he  and  his  kind  were  capable  of  designing  and  making 
special  machinery,  tools,  fixtures,  and  devices  for  economic  man- 
ufacturing in  a  manner  truly  marvellous;  and  has  led  to  the  in- 
stallation of  the  interchangeable  system  of  manufacture  in  a 
thousand  and  one  shops  where  it  was  formerly  thought  to  be 
impracticable. 

The  autocar,  automobile,  and  autocycle  are  the  latest  creations 
to  demand  the  attention  of  the  designer,  tool-maker,  and  the  ma- 
chinist. It  is  in  the  perfecting  and  manufacturing  of  these 
twentieth-century  marvels  of  mechanism  that  they  are  showing 
the  world  that  to  them  nothing  is  impossible,  and  that  the  in- 
genuity and  skill  which  perfected  the  "dollar  watch"  will  also 
prove  adequate  to  produce  an  "automobile  for  the  million." 
Forward  ! 
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Abrasive,  aluminum  as  an,  600 
Accurate  jig-making,  processes  of,  48 

jigs.  36 

work,  milling  fixtures  for,  141 

work  on  dies,  special  machines  for,  855 
Acetylene  gas  burners,  drill  jig  for,  68 
Action  of  sub-press  dies,  466 
Advantage  gained  through  the  use  of  improved  tools,  618 

in  the  use  of  special  tools,  228 

of  the  end  cut  in  boring  tools,  248 
Aligning  cutter-grinder  centres  with  micrometer,  272 

lathe  centres  with  micrometer,  271 
Allis-Chalmers  Company,  production  of  perforated  metal  by,  489 
Aluminum,  annealing,  497 

as  an  abrasive,  500 

base  casting,  drill  jig  for,  92 

bending  and  forming  dies  for,  496 

burnishing,  498 

cutting  dies  for,  495 

difficulties  encountered  when  working,  492 

dniwing  dies  for,  495 

engmving  and  chasing.  498 

grades  and  alloys  of,  498 

lubiicatiug  when  working,  494 

polishing  and  finishing,  497 

processes  and  methods  for  working,  492 

pure  metal  vs.  alloys  of,  492 

secrets  in  working,  498 

sheets,  necessary  to  lubricate  before  working.  418 

shell,  die  for  blanking  and  drawing,  embossing,  410 

shells,  l)lanking  aud  drawing,  418 
drawing,  490 

soldering,  499 

spinning,  496 

working  the  metal,  498 
American  Machinist,  extracts  from  articles  in,  121-261 
American  mechanic,  capabilities  of,  516 

tool -maker,  26 

617 
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Angle  plate,  milling  one,  125 
Annealing  aluminum,  497 

and  lubricating  shells  in  drawing,  368 
Armature  disks,  453 

machines  and  dies  for,  454 
of  large  diameters,  454 
piercing  and  perforating,  437 
segment  blanks.  460 

notching  press,  460 
segments,  459 
what  constitutes,  454 
Art  goods,  dies  for  stamping  and  embossing,  468-478 
of  sheet-metal  working  in  dies,  365 
of  swaging,  477 
Assortment  of  milling  cutters,  picking,  232 
Attachment  for  cylindrical  perforating,  483 

for  drilling  and  tapping  in  the  turret-lathe,  188 
for  forming  pieces  from  bar  in  tun'et-latbe,  168 
Automobiles  for  the  million,  516 

B 

Bag  clasps,  dies  for  sheet-metal,  403 
Bath  for  cuttfers,  hot  lead,  241 
Bearing  bracket,  drill  jig  for,  62 

milling  fixture  for,  131 
Bending  and  forming  dies  for  aluminum,  496 

nice  job  in,  416 
Bicycle  handle-tips,  mouhls  for  making,  293 
Blades,  holding  milling-cutter,  229 
Blanking  dies,  cheap,  372 
Blanks,  lining  for  drawn  shells  and  cups,  369 
Boring  bars  and  reamera,  224  * 

brackets  and  spindle  heads,  special  machines  for,  214 

drill  jig  for  power-press  bolster,  102 

drill-press  tables,  220 

fixtures,  drill-press  and,  208 

long  cast-iron  cylinders,  500 

rig  for  drill-press,  212 
Boitondcss  shells,  perforating  small  close  patterns  in,  435 
Bottoms,  tlouble  seaming  of  round,  441 

seaming  burred  edged,  441 
B()X  lid  fastening  plates,  dies  for,  389 

straps,  piercing  and  spreading  dies  for,  385 

tool  for  turret-lathe.  109 

tools  for  screw  machine,  four  special,  190 
Bracket,  bearing,  drill  jig  for,  02 

nulling  fixture  for,  131 
Brass,  bronze,  and  copper  dies,  477 

clock  wheels,  punching,  376 
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Brass  parts,  reaming  holes  in,  258 

rings,  making  tliin,  805 

working  tools,  and  bow  to  use  them,  503 
Broaches  and  broaching,  260 

some  points  about,  265 
Broaching,  interesting  job  of,  262 

its  relation  to  sheet-metal  work,  267 

operation  of,  261 
Bronze,  brass,  and  copper  dies,  477 
Brown  and  Sharpe  tool -rooms,  39 
Burner  shells,  perforating,  484 
Burning  cutters,  237 
Burnishing  aluminum,  498 
Burred -edged  bottoms,  seaming  them,  441 
Bushing  holes,  button  method  for  locating,  48 
locating  and  finishing  in  lar^e  jigs,  48 
Button  method  for  locating  drill  bushing  holes,  48 

C 

Cam  body,  drill  jig  for  multiple,  81 

milling  machine,  special.  387 

set  of  tools  for  machining,  800 
Cams,  drill  jig  for,  78 

indexing  dial  jig  for,  109 
Casting  to  be  jigged,  patterns  for,  47 
Cast  iron  impression  cylinder,  drill  jig  for,  98 
tank  for  pickling,  509 
tinning,  509 
Cause  of  great  development  in  machine  tools,  515 
Causes  of  depreciation  in  machine  shops,  514 
Centre  reamers,  257 

Chasing  designs  in  mountings  of  metal,  472 
Cheap  blanking  dies,  872 

jigs,  35 
Chief  factors  in  machine  manufacturing,  160 
Chucks  for  eccentric  straps.  840 

for  gasoline  engine  cylinders,  842 

for  holding  pulleys  in  the  turret  lathe,  170-172 

for  turning  eccentric  rings,  888 

two  eccentric  cams,  two-nose,  841 
Circular  forming  tools,  258 
notes  on,  501 

shearing  machines,  456 

shells,  large  drawing  dies  for,  391 
Clamp  for  die  and  tool-makers*  use,  509 
Cloth,  hollow  cutters  for  punching,  297 
Coins,  dies  for,  468-469 
Cold  swaging  process,  479-482 
Collet  spring  chucks,  310 
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Combioation  dies  for  embossed  work,  476 

Compound  dies  for  parts  of  telephone  transmitter  cases,  428 

Constructing  simple  drill  jigs,  48 

special,  devising  and,  300 
Construction  and  design  of  novel  drill  jigs,  106 

of  milling  machines,  improvements  in,  122 
Copper,  bronze,  and  brass  dies,  477 
Corkscrews,  machine  for  twisting,  827 
Cost  vs.  longevity  of  the  sub-press,  468 
Counterbores,  254 
Counterboring,  254 

large  casting  in  drill-press,  facing  and,  852 
Cup  centres,  finishing,  222 
Curling  and  wiring  processes,  447 

deep  shells,  452 

punch  and  die,  452 

the  edges  of  circular  shells,  447  - 
of  drawn  shells,  450 
Cut  off  and  forming  tool,  hand  for  the  speed-lathe,  815 
Cutters,  assortment  of  milling,  232 

burning,  237 

classified,  milling,  224 

degree  of  hardness  in,  241 

end  mill,  227 

gang  milling,  235 

hardening,  289 

and  tcmi)ering,  239 

heating.  240 

and  hardening  lar^e,  243 

holding  inserted  blades  of  njilling,  229 

injury  in  hardening,  241 

inserted  teeth,  228 

interlocking,  235 

lead  bath  for,  241 

limits  of  inaccuracy  in,  229 

making  milling,  235 

plunf^ing,  241 

rcgrinding  of,  231 

sand  blast mg,  242 

selecting  h  set  of,  232 

shell  and  end  milling,  234 

side  clearance  in,  228 

speeds  and  feeds  of,  236 

spindle  surface,  milling,  234 

stamlard  styles  and  sizes  of,  226 

steel  for,  (luality  of,  231 

suggestions  for  milling  with,  838 

test  for  hardness  in,  242 

undercut  teeth,  226 
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Cutters,  use  and  abuse  of  milling,  280 

warping,  241 
Cutting  dies  for  aluminum,  495 

edges  desirable  for  boring  tools,  number  of,  246 

leather,  cloth,  and  paper  with  dinking  cutters,  897 

soft-rubber  articles,  506 
Cylinders,  boring  cast-iron,  609 
Cylindrical  perforating,  attachment  for,  483 

D 
Dayton  swaging  machine,  485 
Decorated -sheet  metal  articles,  drawing,  869 
Deep  hole  drilling,  244 

shells  from  sheet  metal,  drawing,  898 
Deflecting  device  for  seaming  machines,  448 
Degree  of  hardness  in  cutters,  241 
Depreciation  in  machine-shops,  514 

in  shops,  causes  of,  514 
Depth  to  which  shells  may  be  drawn,  868 
Design  and  manufacture  of  milling  cutters,  226 
Designer,  the,  29 
Device  for  turret-lathe,  190 

Devising  and  constructing  special  tools,  ability  to,  800 
Dies,  and  tool-makers'  clamp,  509 
art  goods.  468-478 
bending  and  drawing,  496 
brass.  477 

clock  gears,  876 
bronze,  477 
cheap  blanking,  372 
coining.  468-470 

compound,  for  telephone  transmitter  cases,  428 
copper,  477 
curling,  452 

cutting,  for  aluminum,  495 
drawing  for  aluminum,  495 

for  large  shells,  891 
engraving,  468-478 
filing  machine  for,  361 
for  box -corner  fasteners,  383 
bending  and  forming,  416 
blanking  and  drawing  aluminum  shells,  418 
embossing  jewelry,  making,  469 
forming  large  sheet-metal  articles,  474 
jewelry,  468-478 
Rheet-niet4il  bag  clasps,  403 
gang  sets  for  eyelets  in  one  operation,  420 
hand-finishing  vs.  machine-finishing  of,  856 
bobbing.  468-478 
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Dies,  improved  piercing,  888 
macliine  for  tiling,  858 
making  hobs  and  sinking  embossing,  476 
making  kink  for,  314 
milling  machines,  use  of,  857 
patterns,  modelling  intricate,  472 
piercing  and  spreading,  885 
punching  and  curling,  899 
without  waste  in,  880 
shaper  for,  358 
shearing,  373 
sinking  attachment  for,  858 

with  hobs,  468-478 
slotter,  small,  860 
small  hole  finishing,  874 
special  machines  for  accurate  work  od,  865 
sub-press,  action  of,  466 
tripJe-acting,  410 
water  or  fluid,  474 
Difficulties  encountered  in  working  aluminum,  492 
Disks,  armature,  piercing  and  perforating,  487 
cutting  armature,  453 
of  large  diameters,  454 
Double  horning  and  seaming,  443 

seaming  bottoms  on  heavy  work,  447 
machine  for  irregular  articles,  445 
of  bottoms  ou  special  work,  447 
irregular  can  bottoms,  448 
round  can  bottoms,  441 
Doubt  as  to  the  utility  of  milling  machines,  128 
Drawing  aluminum  shells,  496 

and  forming  decorated  sheet-metal  articles,  869 
annealing  and  lubricating  shells  in,  368 
a  sharp  corner  under  a  shoulder,  502 
deep  shells  from  sheet  metal,  393 
dies,  for  aluminum,  495 

way  to  construct,  370 
shell  from  thin  metal,  lubricant  for,  510 
Drawn  shells,  finding  the  blanks  for,  369 

work  jirorcsscs  for,  367 
Drill  bushing  holes  in  large  jigs,  locating,  48 
button  method  for  locating,  43 
notes,  252 

press  and  boring  fixtures,  208 
boring  rig,  212 
cup  centres,  finishing,  222 
facing  and  counterboring  large  castings  in,  352 
flat  tables,  boring,  220 
job,  a,  306 
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Drill-press,  milliDg  in  the,  311 

round  tables,  machining,  223 
Drilling  and  tapping  attachment  for  turret  lathe,  183 
deep  holes  by  Pratt  and  Whitney  method,  249 
holes  in  helical  surface,  313 
jigs,  constructing  large,  96 
simple,  43 
for  acetylene  gas-burners,  68 

an  aluminum  base  casting,  92 
a  spiral  line  of  holes  around  a  cylinder,  106 
bearing  bracket,  62 
cams.  78 

cast-iron  impression  rollers,  98 
dovetailed  slide  bracket,  101 
drilling  and  countersinking,  76 
drilling  and  hobfacing,  88 
drilling  and  tapping,  115 
multiple  cam  body,  81 
nailing-machine  cross-head,  96 
odd -shaped  casings,  70 
power-press  bolster,  102 
round  castings  in  pairs,  74 
small  accurate  work,  89 
spider  castings,  115 
the  speed  lathe,  66 
typewriter  bases,  86 
indexing  dial  for  small  cams,  109 
Intricate  and  i>ositive,  81 
novel,  118 

design  and  construction,  106 
points  to  remember  when  making,  104 
simple,  42 

fourteen -hole,  69 
special  milling  and,  854 
their  use,  simple,  64 
with  indexing  fixtures,  109,  111,  114 
job  on  the  planer,  308 
set  of  milling  and,  348 
small  thread  dies,  jig  for,  325 
types  of  simple  jigs,  56 
Duplicate  work  in  screw  machine,  method  for  finishing.  196 

E 

Eccentric  cams,  two-nose  chucks  for  machining,  841 

rings,  chucks  for  turning,  338 

straps,  chuck  for  machining,  340 
Effects  of  work  accomplished  by  swaging,  491 
Eli  Whitney,  19 
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Embossed  work,  combination  dies  for,  474 
Embossing,  blanking,  and  drawing,  410 

jewelry,  making  dies  for,  469 
End  cut  in  boring  tools,  advantage  of,  248 
Engraving  a  hob  for  sinking  medal  dies,  468 

and  chasing  aluminum,  498 

dies  for  embossing  jewelry,  468-470 

machine,  special,  884 
Etching  steel,  how  to  do  it,  509 
Examples  of  special  uses  of  height-gauge,  274-278 

of  micrometer,  271 
Expansion  reamers,  258 
Eyelets,  gang  punch  and  die  for,  420 

F 

Face  milling,  fixtures  for,  189 

Facing  and  counterboriug  large  castings  in  drill-press,  852 

tools,  254 
Factors  in  machine  manufacturing,  160 

in  the  successful  use  of  milling  fixtures,  141 

involved  in  designing  of  drill  jigs,  40 
Feeding  sheet  metal  to  the  sub-press,  466 
Feeds  and  speeds  for  milling  cutters,  286 
Fibre  washers,  special  tool  for  cutting  out,  829 
Filing  dies,  machines  for,  858 

machine,  361 
Finding  the  blanks  for  drawn  shells,  869 
Finishing  cup  centres  of  drill-presses,  222 

of  dies,  hand  vs.  machine,  356 
Fixtures  for  adjustable  stops  and  spindle  racks,  jigs  and,  820 

for  milling  drill-press  tables,  153 
Flaking  stick,  its  use,  311 
Flat  jigs,  their  use,  32 
Follow  dies,  gang  and,  366 
Forming  irregular  pieces  from  the  bar,  fixture  for,  168 

l)ieces  of  irregular  outline,  fixture  for,  200 

tools,  notes  on  circular,  501 
Four  special  box  tools  for  the  screw  machine,  190 
Fourteen-hole  drill  jig,  59 

G 
GANii  and  follow  dies,  366 

die  for  metal  box -lid  fastening  j)lates,  389 
milling  cutters,  235 
fixtures  for,  188 
punch  and  die  for  producing  eyelets  in  one  operation,  420 
Gasoline  engine  cylinders,  chuck  for  machining,  342 
Gauges,  32 
Gears,  speeds  of  pulleys  and,  508 
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OelatiQ  moulds,  making,  472 

Glue  for  leather  and  iron,  510 

Grades  and  alloys  of  aluminum,  498 

Great  development  in  machine  tools,  causes  of,  516 

Grinder,  aligning  cutter,  centres,  272 

Grinding  of  cutters,  239 

rubber,  506 

twist  drill  for  cutting  section  of  hole,  505 
Grit  in  rubber,  505 

H 

Hammering  and  swaging,  479 

Hand  cut-off  and  forming  tool  for  speed  lathe,  815 

finishing  vs.  machine  finishing  of  dies,  856 

reaming,  259 
Hardening  and  tempering  of  milling  cutters,  289 

injury  in  cutters,  241 

test  for,  242 
Hardness,  degree  of,  in  cutters,  241 
Hard -soldering.  607 
Heating  and  hardening  large  cutters,  248 

the  steel,  240 
Heavy  work,  jigs  for,  34 
Height-gauge  and  its  use,  274 

examples  of  use  of,  274-278 
locating  holes  with.  275 
shop  use  of,  268 
Holding  cutter  blades,  229 

devices  for  jigs,  locating  and,  41 
Hollow  cutters  for  punching  leather,  cloth,  and  paper,  897 

drill,  boring  spindles  with,  251 
Home-made  reamers,  259 
Horizontal  swaging  machines,  489 
Horning  and  seaming  processes,  440 

double  seaming  and,  443 
How  to  construct  a  sub- press,  468 
drawing  dies,  870 

I 

Idkal  twentieth-century  manufacturing,  518 
Improved  piercing  die,  388 

tools,  advantages  gained  through  the  use  of,  518 
Improvement  in  construction  of  milling  machine,  122 
Increasing  the  size  of  worn  reamers,  260 
Indexing  dial  jig  for  small  cams,  109 

milling  fixtures,  147 

plates,  jigs  with,  109,  111,  114 
Injury  in  hardening  cutters,  241 
Inserted  teeth,  holding,  229 
cutters.  228 


526  INDEX. 

Inside  blank -holders,  892 

Installation  of  armature  disk  punching  machinery,  458 

of  the  interchangeable  system,  28 
Interchangeability,  20 

Interchangeable  manufacturing,  milling  machines  and,  120 
origin  of,  19 
to-day.  22 
lutcresliug  job  of  broaching,  262 
Interlocking  cutters,  235 
Intricate  and  positive  drill  jigs,  81 

machinery,  modern  manufacturing  of,  28 
Irregular  articles,  double  seaming  machine  for,  445 
Iron  and  leather,  glue  for,  610 

J 

Jevveluy,  dies  for  making,  468-478 

making  dies  for  embossing,  469 
Jigs  and  fixtures,  functions  of,  80 

bodies,  handling  large,  62 

box,  33 

cheap,  85 

design,  factors  involved  in,  40 

feet,  53 

flat,  83 

large,  48 

making,  processes  for  accurate,  43 

work  on  the  plain  miller,  50 
Jobbing  shop  work,  milling  machines  and,  120 

K 
Keeping  note-books,  511 

sheets  straight  while  perforating,  438 
Keyseating  in  the  power-press.  315 
Kink,  die-making,  314 
Knee  type  of  universal  niillini;  machines,  123 


Lack  of  knowledge  of  machine  tools,  512 
I^rge  drawing  dies  for  circular  shells,  391 

drilling  jigs,  A^ 
Lathe  chuck,  simple.  312 

tool-maker's,  30 
Leather  and  iron,  glne  for,  510 

hollow  cutters  for  launching,  307 
Limits  of  inaccuracy  in  milling  cutters,  220 
Locating  and  finishing  drill  bushing  holes  in  large  jigs,  48 

and  holding  devices  for  drill  jigs,  41 

drill  bushing  holes,  button  method  for,  43 
Loek  sinim,  successive  stages  of,  441 
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Lubricants  to  use  for  drawing  shells  from  thin  metal,  510 

for  working  aluminum.  494 
Lubricating  and  annealing  shells  for  drawing,  368 

M 

Machine.  Dayton  swaging,  487 

die  filing.  361 

finishing  v<;.  hand  finishing  of  dies,  856 

for  double-seaming  irregular  bottoms,  445 

for  engraving  poker  chips,  834 

for  filing  dies,  858 

for  twisting  corkscrews,  827 

manufacturing,  chief  factor  in,  160 

reaming  of  brass  parts,  258 
witli  floating  reamer,  255 

shops,  cause  of  great  depreciation  in,  514 

special  cam  milling,  887 
engraving,  334 

tools,  28 

cause  of  the  great  development  in,  515 
lack  of  knowledge  of,  512 
up-to-the-minute,  512 
Machinery,  extracts  from  articles  in,  244-481 
Machinery  for  double-seaming  round  bottoms  on  cans,  442 
Machines  and  dies  used  for  perforating  armature  disks,  454 

horizontal  swaging,  489 

rotary  swaging,  485 

special,  for  accurate  work  on  dies,  855 
Machining  a  cam,  special  tools  for,  800 

a  special  casting,  tools  for,  180 

drill  columns,  156 

pulleys,  detail  drawings  of  special  tools  for,  172 

round  tables,  220 
Making  and  use  of  simple  dies,  871 

dies  for  embossing  jewelry,  469 

hobs  and  sinking  embossing  dies,  476 

impressions  of  elaborate  dies,  478 

thin  threaded  brass  rings,  806 

drill  press  cup  centres,  222 

collet  spring  chucks,  810 
Manufacture  of  accurate  sheet-metal  parts  in  the  sub-press,  461 

of  armature  disks  and  s<{gments,  453 
segments,  large,  459 

of  milling  cutters,  design  and,  224 
Manufacturing,  chief  factor  in  machine,  160 

ideal  twentieth-century,  513 

of  intricate  machinery,  23 

origin  of  interchangeable,  19 

purposes,  selection  of  macliines  for.  515 
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Manufacturiug,  to-day,  ideal  interchangeable,  22 
Medal  dies,  engraving  a  steel  hob  for  sinking,  468 
Metal  box -comer  fasteners,  dies  for,  888 

patterns,  28 
Method  for  finishing  duplicate  work  in  the  screw  machine,  195 

for  locating  drill  jib  bushings,  button,  48 
Micrometer  calipers,  268 
reading  them,  270 
special  uses  for,  271 

aligning  cutter  grinder  centres  with,  272 

lathe  centres,  testing  for  height  of,  with,  272 

testing  lathe  centres  for  alignment,  271 

universal  use  of,  274 

used  as  inside  calipers,  278 
Milling  and  drilling  jigs,  set  of  special,  848 
Milling-cutters,  assortment  of,  282 

burning,  287 

classified,  224 

degree  of  hardness  in,  241 

end,  227 

face,  189 

gang,  188-285 

hardening  and  tempering,  289 

heating,  240 

heating  and  hardening  large,  248 

holding  blades  in,  229 

injury  in  hardening,  241 

inserted  teeth,  228 

interlocking,  235 

lead  bath  for  heating,  241 

limits  of  inaccuracy  in,  229 

making.  235 

miscellaneous,  152 

plunging  when  hardening.  241 

quality  of  steel  to  use  for,  231 

regrinding  of,  231 

sand-blasting  of,  242 

selecting  a  set  of,  232 

shell  and  end.  234 

side  clearance  on,  228 

speeds  and  feeds  for,  236 

spindle  surface,  235 

standard  types  and  sizes  of,  226 

test  of  hardness  of,  242 

undercut  teeth,  226 

use  and  abuse  of.  230 

warping  in  hardening,  241 
Milling-fixtures,  factors  in  the  successful  use  of,  141 

for  accurate  work,  141 


INDEX.  629 

• 

MilliDg-fixtures  for  bearing  bracket,  131 

for  drill-press  tables.  152 

for  slottiug  and  dovetailing  small  pieces.  134 

for  squaring  ends  of  duplicate  pieces,  133 

indexing,  147 

simple,  129 

six  simple  and  distinct  types  of,  129 
Milling-machines,  compared  with  other  machine  tools,  134 

doubt  as  to  the  utility  of.  128 

improvements  in  const  luction  of,  122 

in  the  drill  press.  311 

in  the  tool-room,  125 

knee  type  of  universal,  133 

modem  tool-making  and,  120 

practice,  most  vital  point  in,  236 

spindle  racks,  milling  in,  323 

universal  types  of,  122 

use  of  die,  857 

of  universal  and  plain,  120 

utility  of,  120 

vertical  spindle,  127 
Modeller's  wax,  making  and  using,  473 
Modelling  intricate  die  patterns,  472 
Most  skilled  mechanic  in  the  world,  26 
Moulds,  279 

construction  of,  279-299 

for  bicycle  handle-tips,  298 

for  lead  balls,  282 

for  pencil  crayons,  279 

for  poker-chips,  296 

for  spherical  articles,  298 

for  telephone  receiver  pieces,  285 

gelatin,  for  fancy  die  work,  472 

how  an  accurate  set  of,  was  machimxl  in  the  planer.  388 
Movable  strippers,  379 
Multiple  cam  body,  drill  jig  for,  81 
Multi-spindle  drilling  an<l  tapping  attachment  for  turrc>t- lathe,  188 

N 

Nbcbssitt  to  lubricate  aluminiitn  before  working.  413 
Nice  job  of  bending  and  forming,  416 
Note-books,  how  to  keep  tlicm,  511 
Notes  on  circular  forming  tools.  501 

on  drills,  252 
Novel  drill  jigs,  106-118 

O 

Obsrlin  8m ith'h  "Press  Working  of  Metals,**  307 
Operation  of  broaching.  261 
34 
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Origin  of  interchangeable  system.  19 
Ornamental  articles,  dies  for  forming,  472 


Paper,  hollow  cutters  for  punching,  397 

Pfttent  tool-holders,  507 

Pttttems  for  castings  to  be  jigged,  47 

Pencil  crayons,  set  of  moulds  for,  279 

Perforated  metal,  production  of,  by  AUis-Chalmcrs  Company,  480 

Perforating  and  blanking  small  armature  disks,  437 

and  piercing,  367 

attachments  for  cylindrical,  483 

burner  shells,  484 

flat  and  cylindrical  sheet-metal  articles,  483 

keeping  sheets  straight  while,  488 

large  slieets  of  metal  in  special  designs,  438 

small  close  patterns,  435 

taper  and  crowning  shells,  434 
Petroleum  cans,  seaming  them.  445 
Pickling  cast  iron,  tanks  for,  500 
Piercing  and  perforating.  367 

and  spreading  die  for  box  stnips,  385 

die,  improveti.  388 
Plain  forming  tools,  253 

miller,  jig  work  iu,  50 
Planer,  accurate  set  of  moulds  niachiued  in,  288 
Plunging  heated  cutters,  241 
Points  about  broaches  and  broaching,  205 
Poker-chips,  set  of  moulds  for.  29(J 
Polisliin«^  and  tinisliiug  alumiuuni,  497 
Polyphase  motor,  456 
Positive  drill  jigs,  iutrirate  and.  81 
Power-press,  key-seating  in,  315 

bolster,  drill  jig  for.  102 
Power- presses  used  for  disk  punching.  457 
Pratt  and  Whitney  method  of  deej)  hole  drilling.  249 
Press,  armature  disk  notching.  460 

tools,  simplest  clas'*  of.  306 

work,  432 
"Press  Working  of  Metals."  Obcrlin  Smith's.  2(iT 
Principal  use  of  sub-press.  462 
Principle  of  reproduction,  great,  29 
Process,  cold  swaging.  482 
Processes  and  methods  for  working  aluminum.  402 

for  curling  and  wiring,  447 

for  drawn  work.  Ml 

horning  and  seaming.  440 

of  accurate  jig  making,  43 
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Producing  parts  without  waste,  die  for,  880 
Progress  made  in  the  use  of  power-presses,  855 
Projectiles,  reamers  for,  257 
Pulleys  and  gears,  speeds  of,  508 

set  of  tools  for  machining  in  one  operation,  172 
Punching  and  curling  job,  399 

brass  clock  gears,  876 
Pure  metal  vs.  alloys  of  aluminum,  492 

Q 

Quality  of  steel  to  use  for  cutters,  281 

Razors,  aluminum  for  sharpening  or  honing,  500 
Reading  micrometers,  270 
Reamers  and  reaming,  255 

centre,  257 

expansion,  258 

for  babbit  metal,  257 

for  projectiles,  257 

hand,  259 

home  made,  259 

increasing  the  siz(;  of.  when  worn,  260 

small  parts,  machine,  258 
holes,  259 

square,  258 

taper  of  rose,  257 
Reaming  holes  in  the  screw  machine,  taper,  256 
in  the  turret-lathe.  255 
in  thin  disks,  255 
in  two  kinds  of  metals.  257 
taper  hoh'S  in  cast  iron.  256 
with  the  floating  reaiiuT.  255 
Receiver  pieces,  moulds  for  telephone,  285 
Regrinding  of  milling  cutters,  231 
Relation  of  broaching  to  sheet-metal  work,  267 
Reproduction,  the  ^reat  ])rinciple  of,  29 
Rolling  of  seams,  446 
Rose  reamers,  taper  of,  257 
Rotary  swaging  machines,  485 
Rough  castings   in  pairs,  drilling,  74 
Round  bodies,  machine  for  double-seaming,  442 

drill  tables,  machining,  222 
Rubber,  cutting  soft,  506 

grinding,  506 

turning  and  truing,  505 
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Sand-blasting  of  milliog  cutters,  242 
Screw,  cutting  coarse-pitcb,  804 

machine,  method  for  finishing  duplicate  work  in,  195 

special  tools  for,  190 

tools  and  fixtures  for  speed  indicators,  193 
Seaming  bottoms  with  burred  edges,  441 

double  horning  and,  448 

homing  process  and,  440 

petroleum  cans,  445 
Secrets  of  working  aluminum,  498 
Selecting  a  set  of  milling  cutters,  289 
Set  of  jigs  for  milling  and  drilling,  848 

of  tools  for  machining  a  cam,  800 
Sextet  casting,  boring  and  facing  fixture  for,  209 
Shearing  die,  878 
Sheet  brass  blanks,  trimming,  818 

Sheet  metal,  depth  which  may  be  drawn  at  one  operation,  868 
drawing  deep  shells  from,  898 
parts,  drawing  and  forming  decorated,  869 
use  of,  in  place  of  other  materials.  865 
work,  broaching,  its  relation  to,  267 
Shell  and  end  milling  cutters,  284 

bottomless,  perforating,  485 

burner,  perforating,  484 

cylindrical,  perforating,  433 
Side  clearance  in  milling  cutters,  228 
Simple  dies,  making  and  use  of,  871 

drill  jigs,  42 

constructing,  43 

drilling  jigs  and  their  use,  64 
fourteen -hole,  59 
types  of,  55 

lathe  chuck,  312 

milling  fixtures,  129 

six  distinct  types  of,  129 

shotting  fixture,  314 
Simplest  class  of  press  tools,  366 
Sinking  embossing  dies  and  drop  dies,  468-478 
Slotter,  small  die,  360 

Slotting  and  dovetailing  small  castings,  milling  fixture  for,  134 
Small  accurate  work,  drill  jig  for,  89 

rums,  indexing  dial  jig  for,  109 

thread  dies,  jig  for  drilling,  325 
Smith.  Oberiin,  267 
Soldering  aluminum,  499 

face  i)late,  a,  310 

hard-,  507 
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Some  points  about  broaches  and  broaching,  265 
Special  box  tools  for  screw  machine,  190 

cam  milling  machine,  837 

casting,  tools  for  machining,  180 

chucks  for  turret-lathe,  170 

designs,  perforating  large  sheets  in,  439 

engmving  machine,  834 

fixtures  in  the  turret-lathe,  use  of,  162 

job  of  tool -making,  881 

machine  for  accurate  work  on  dies,  855 

for  boring  drill-press  brackets  and  spindle  heads,  214 

milling  and  drilling  jigs,  844 

tools,  advantage  in  the  use  of,  228 

and  fixtures  for  machining  pulleys,  172 
for  cutting  out  large  fibre  washers,  829 
for  the  sc-ew  machine,  190 
for  turret-lathe,  163 

uses  of  micrometer  calipers,  271 
Speed  and  feed  of  milling  cutters,  239 

indicators,  tools  and  fixtures  for,  190 

lathe  milling,  jig  for,  318 

of  pulleys  and  gears,  508 
Spherical  moulds,  298 
Spindle  racks,  milling,  322 

fixture  for,  330 
Spring  strippers,  879 

winding  fixture,  809 
Square  reamers,  258 
Si^uaring  holes,  die  for,  874 

the  ends  of  dui)licate  pieces,  milling  fixture  for,  182 
Standard  types  of  milling  cutters,  226 
Stationary  strippers  sometimes  distort  sheets,  879 
Step  jig.'307 
Stick,  flaking.  311 

Straps,  cam  for  turning  eccentric,  340 
Sub-press,  461 

cost  vs.  longt^vity  of,  468 

dies,  action  of,  466 

feeding  the  metal  to,  466 

how  to  construct,  463 

setting  and  using,  465 

\mi  of,  463 

utility  of,  463 
Successful  us<j  of  milling  fixtures,  factors  in,  141 
Swaging,  cold.  i)rocesses  of,  479 

effects  of  work  accomplished  b}',  491 

machines,  horizontal,  489 
rotar}^  485 
the  Dayton,  487 
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Tanks  for  pickling  cast  iron,  500 

Taper  and  crowning  sliells,  perforating,  484 

of  rose  reamers,  257 

reaming  in  the  screw  machine,  256 
Telephone  receiver  pieces,  moulds  for,  286 

transmitter  cases,  compound  dies  for,  428 
Templets,  81 

Test  for  hardness  of  cutters,  242 

Testing  lathe  centres  for  height  with  micrometer  calipers,  272 
The  hammer,  479 

height-gauge  and  its  use,  274 

most  skilled  mechanic  in  the  world,  26 
Tinning  cast  iron,  509 
Tool -holders,  patent,  507 
Tool-maker's  lathe,  86-87 
Tool-making,  milling  machine  and  modem,  120 

unusual  job  of,  881 
Tool-rooms,  and  their  equipment,  86 

Brown  and  Sharpe,  89 

milling  machines  in,  125 
Tools  for  screw  machine,  special,  190 

for  speed  indicators,  screw  machine,  198 
Trimming  sheet-metal  blanks,  818 

Triple-action  die  for  blanking,  drawing,  and  embossing,  410 
Turret-lathe,  attachment  for  forming  irregular  pieces  from  the  bar,  168 

box  tool  for,  160 

multi-spiudle  drilling  and  tapping  fixture  for,  183 

set  of  tools  for  machininir  pulleys  in,  172 

special  tools  for,  163 

tools  for  machining  a  special  easting  in,  180 

two  special  (jliucks  for,  170 

use  of  special  device  for,  190 
special  fixtures  in,  162 
Twentieth-century  nianufaeturing,  ideal,  513 
Twist-drill.  245 

grinding  for  cutting  section  of  hole,  505 
Twisting  corkscrews,  827 
Two-nose  chucks  for  eccentric;  cams,  340 
Types  of  very  simple  milling  fixtures,  six  distinct,  129 

very  simple  drilling  jigs,  55 
TyjH' writer  bases,  drill  jig  for,  ^5 


UNDERcrT  teeth,  milling  cutters  with,  226 

ruiversal  eciuipnient  vs.  working-range  eciuipment.  515 

milling  machines,  122 
Up-to date  fixtures  and  machine  tools,  512 
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Up-to-the-minute  luacliines  and  tools.  51d 
Use  and  abuse  of  milling  cutters,  230 

and  construction  of  boring  fixtures,  208 

of  brass- working  tools,  503 

of  modeller's  wax,  making  and,  473 

of  micrometer  calipers,  268 

of  milling  fixtures^  factor  in  the  successful,  141 

machines,  120 
of  power-presses,  progress  in,  856 
of  sheet  metal  in  place  of  other  materials,  865 
of  special  fixtures  in  the  turret-lathe,  162 
tools,  advantage  in  the,  223 
Utility  of  milling  machines,  120 
doubt  of,  128 
of  the  sub-press,  462 

V 

Value  of  up-to-date  fixtures  and  machine  tools,  512 

Vertical  spindle  milling  machines,  127 

Vital  point  in  milling-machine  practice,  most,  286 

W 

Water  or  fluid  dies,  474 

Way  to  construct  a  drawing  die,  370 

to  keep  note-books  of  shop  practice,  511 
Whitney,  Eli;  19 
Wiring  and  curling  processes,  474 

straight  work,  448 
Working  aluminum,  493 

Working-range  equipment  vs.  universal  equipment,  515 
Workman's  supplies,  39 
Work  not  to  be  jigged,  84 
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*!846  Para"  is  out  finest  ^ide.  It  indicates  exceptfooal 
quality  in  material  of  every  description,  and  f^ods  bearing  this 
brand  can  be  depended  upon  to  give  the  extreme  of  service  botti 
as  to  strength  and  durability. 
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....  THE  COLOR  OF  RAINBOW  PACXIHG  IS  RED  .... 

Three  Itoira  of  Diamondg  la  Black,    ulmdiag   (hroughout   the 
fptire    length    of    each    and    every    roll    of   Rainbow   P»cfcing 


Sok  mmtracnrm  ot  tiK  etiekntnl 


Eclipse  Sectional  Rainbow  Gasket 

Peerless  Piston  ana  Ualve  Hod  Packlnfl 

l)one$t  3obn  f^ydranlic  Kalnbow  Core  Packing 

Zero  eonblnailon  metallic 

Jlmnonla  Packing 


A  FULL  AND  COMPLETE  UNE  OF  FINE  HECHANICAL  RUBBER  GOODS 

Send     for     Our    New    C».l».loiMe 

Cepyrlshitd  jikCI  maiurfactRnil  exclittKly  by 

PEERLESS  RUBBER  MANUFACTURING  CO. 

lb  Wamn  Street,   New  Yotk 

^« 

Thess    Goods    CKn    be    oble.ln«d    *,t    b-II    flrsl-clKBa    dflBLlers 


Presses  and  Special  Machinery 


For   Manufacture   of 

SILVERWARE 
HARDWARE 
BRASS   GOODS 

Etc. 


The  Waterbury  Farrel  Foundry  and 

Machine   Co. 


Works  and  Main  Office 

Waterbury 

Connecticut,  U.S.A. 


New  York  Office 

120  Liberty  St. 

'Phone,  1069  Cortlandt 


C  For  MODERN  WORK  use 
MATHEWS    REAMERS  with 

High-Speed  Steel  Blades  brazed  in 

LODGE    6f    SHIPLEY    BORING    BARS 
CHARD   SPINDLE   DRILLS 

For  Deep  Holes 

PRENTICE   ROLLER-PIN   ARBORS 

SPECIAL    TOOLS 

Ask  for  Catalog  N^umbcr  Three 

Three  Rivers  Tool  Co. 

THREE   RIV^ERS  MICHIGAN 


IF  YOU  ARE  INTEREST- 
ED OR  ENGAGED  IN  THE 
WORKING  OF  METALS 

I  Can  Help  You! 


Advice  and  Expert  Opinion  to 

Shop  Proprietors,  Superintendents,  General 
Managers,  Designers,  Draughtsmen,  Fore- 
men,   Model    Makers,     Die    Makers, 
Blacksmiths,     Machinists,     Steel 
Workers  and  Tool   Makers 


Joseph  Y.  Woodworth 

Consulting    Mechanical    Expert 

Address 

279   Cornelia  St.,   Brooklyn,  N.Y.,  U.S.A. 

WRITE     TO-DAY      FOR      BOOKLETS 


SCIENTIFIC  AND  PRACTICAL  BOOKS 


PUBLISHED    BY 

The  Norman  W.  Henley  Publishing  Co. 

132  Nassau  Street,  New  York,  V.  S.  A. 

[LT  Any  of  these  books  will  be  sent  prepaid  on  receipt  of  price  to  any  address 
!t,  tjie   world. 

ICL^  We  will  send  FREE  to  any  address  in  the  world  our  114-pa«e  Catalosue  of 
Sclentiflc  and  Practical  Books. 

Appleton*s  Cyclopaedia  of  Applied  Mechanics 

This  is  a  dictionary  of  mechanical  engineering  and  the  mechanical  arts,  fully 
describing  and  illustrating  upwards  of  ten  thousand  subjects,  including  agricul- 
tural machinery,  wood,  metal,  stone,  and  leather  working;  mming,  hydraulic. 
railway,  marine,  and  military  engineering;  working  in  coUon,  wool,  and  paper; 
steam,  air,  and  gas  engines,  and  other  motors:  lighting,  heating,  and  ventilation; 
electrical,  telegraphic,  optical,  horological.  calculating,  and  other  instruments,  etc. 

A  magnificent  set  in  three  volumes,  handsomely  bound  in  half  morocco,  each 
volume  containing  over  900  large  octa^o  pages,  with  nearly  tf,000  engravings, 
including  diagrammatic  and  sectional  drawings,  with  full  explanatory  details. 
Price,   %12M. 

ASKINSON.  Perfumes  and  Their  Preparation.  A  Comprehensive  Treatise 
on  Perfumery 
Containing  complete  directions  for  making  handkerchief  perfumes,  smelling 
salts,  sachets,  fumigating  pastils;  preparations  for  the  care  of  the  skin,  the 
mouth,  the  hair;  cosmetics,  hair  dyes,  and  other  toilet  articles.  3G0  pages.  32 
illustrations.     8vo.     Cloth,   $3.00. 

BARR.    Catechism  on  the  Combustion  of  Coal  and  the  Prevention  of  Smoke 

A  practical  treatise  for  all  interested  in  fuel  economy  and  the  suppression  of 
smoke  from  stationary  steam-boiler  furnaces  and  from  locomotives,  H5  illustra- 
tions.    12mo.     349  pages.     Cloth.   $1.50. 

BLACKALL.     Air-Brake  Catechism 

This  book  is  a  complete  study  of  the  air-brake  oquipmont,  including  the  latest 
devices  and  Inventions  used.  All  parts  of  the  air  brake,  their  troubles  and  pecu- 
liarities, and  a  practical  way  to  find  and  remedy  them,  are  explained.  This  book 
contains  over  1,500  questions  with  their  answers,  and  is  completely  Illustrated  by 
engravlnRs  and  two  large  Westlnghouse  air-brake  educational  charts,  printed  in 
colors,  ol2  pages.  Handsomely  bound  in  cloth.  ISth  edition,  revised  and 
enlarged.      $2.00. 

BLACKALL.     New  York  Air  Brake  Catechism 

This  is  a  complete  treatise  on  the  New  York  Air  Brake  and  Air  Signalling 
Apparatus,  giving  a  detailed  description  of  all  the  parts,  their  operation,  troubles, 
and  the  nitthods  of  locating  and  remedying  the  same.  It  Includes  and  fully 
describes  and  illustrates  tlie  plain  triple  valve,  quick-action  triple  valve,  duilex 
pumps,  pump  goxernor,  brake  valves,  retaining  valves,  freight  equipment,  signal 
valve,  signal  reducing  valve,  and  car  discharge  valve.  2<!0  pages,  fully  illus- 
trated.    Jl.'jr.. 

BUCHETTI.     Engine  Tests  and  Boiler  Efficiencies 

This  work  fully  describes  and  illustrates  the  method  of  testing  the  power  of 
steam  engines,  turbine  and  explosive  motors.  The  properties  of  steam  and  thi» 
evaporative  ]  owcr  of  fuels.  Combustion  of  fuel  and  chimney  draft:  with  formulas 
explained   or   practically    computed.     I!.',,'*   pages;    170   illustrations.     $H.CO. 

FOWLER.     Locomotive  Breakdowns  and  Their  Remedies 

This  work  treats  in  full  all  kinds  of  accidents  that  are  likely  to  hai»pen  to 
locomotive  engines  while  on  the  road.  The  various  parts  of  the  locomotives  ari» 
discussed,  and  every  ac<ident  that  can  possibly  happen,  with  the  remedy  to  bt» 
applied,    is  given. 

The  various  tyjjes  of  conipouncl  locomotives  are  Included,  so  that  every  engineer 
may  post  himself  in  regard  to  emergency  work  in  connection  with  this  clas.s  of 
engine. 

For  the  railroad  man  wlio  is  anxious  to  know  what  to  do  and  how  to  do  ft 
under  all  the  various  cinninstances  that  mav  ar'se  in  the  nerformance  of  his 
duties  this  book  will  be  an  invaluable  assistant  and  guide.  *J.Vi  pag**K.  fully  illus- 
trated.    $l.r»ii. 

FOWLER.     Boiler  Room  Chart 

An  educational  chart  showing  in  Isometric  perspective  the  mechanisms  belong- 
ing   in    a    modern    boiler    room.      The    equipment    consists    of    water-tube    boilers. 
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ordinary  grates  and  mechanical  stokers,  feed-water  heaters  and  pumps.  The 
\anous  pans  of  the  appliances  are  shown  broken  or  removed,  so  that  the  internal 
construction  is  fully  illustrated.  Each  part  is  given  a  reference  number,  and 
these,  with  the  corresponding  name,  are  given  in  a  glossary  printed  at  the  sides. 
The  chart,  therefore,  serves  as  a  dictionary  of  the  boiler-room,  the  names  of  more 
than  iwo  hundred  parts  being  given  on  the  list.     25  cents.       * 

GRIM  SHAW.     Saw  Filing  and  Management  of  Saws 

A  practical  handbook  on  filing,  gumming,  swaging,  hammering,  and  the  brazing 
of  band  saws,  the  speed,  work,  and  power  to  run  circular  saws,  etc.,  etc.  Fully 
illustrated.     Cloth,  |1.00. 

ORIMSHAW.    "Shop  Kinks" 

This  book  is  entirely  dinerent  from  any  other  on  machine-shop  practice.  It 
is  not  descriptive  of  universal  or  common  shop  usage,  but  shows  special  wa>v  v*' 
doing  work  better,  more  cheaply,  and  more  rapidly  than  usual,  as  done  in  fifty 
or  more  leading  shops  in  Europe  and  America.  Some  of  its  over  600  items  and 
222  illustrations  are  contributed  directly  for  its  pages  by  eminent  constructors; 
the  rest  have  been  gathered  by  the  author  in  his  thirty  years'  travel  and  experi- 
ence,    fourth  edition.     Nearly  400  pages.     Cloth,  $2.50. 

GRIMSHAW.     Engine  Runner's  Catechism 

Tells  how  to  erect,  adjust,  and  run  the  principal  steam  engines  in  the  United 
Slates.  Describes  the  principal  features  of  various  special  and  well-known  makes 
oi  engines.     Sixth  edition.     336  pages.     Fully  illustrated.     Cloth,  $2.00. 

GRIMSHAW.     Steam  Engine  Catechism 

A  series  of  direct  practical  answers  to  direct  practical  questions,  mainly 
intended  for  young  engineers  and  for  examination  questions.  Nearly  1,000  ques- 
tions with  their  answers.  Fourteenth  edition.  413  pages.  Fully  illustrated. 
Cloth,  $2.00. 

GRIMSHAW.     Locomotive  Catechism 

This  is  a  veritable  eucyclopsedia  of  the  locomotive,  is  entirely  free  from  mathe- 
matics, and  thoroughly  up  to  date.  It  contains  1,600  questions  with  their  answers. 
Twenty-third  edition,  greatly  enlarged.  Nearly  4&0  pages,  over  200  illustrations, 
and  12  large  folding  plates.     Bound  in  maroon  cloth,  |2.00. 

HISCOX.     Gas,  Gasoline,  and  Oil  Engines 

Every  user  of  a  gas  engine  needs  this  book.  Simple,  Instructive,  and  right 
up  to  date.  The  only  complete  work  on  this  important  subject.  Tells  all  about 
the  running  and  management  of  gas  engines.  Full  of  general  Information  about 
the  new  and  popular  motive  power,  Us  economy  and  ease  of  management.  Also 
chapters  on  horseless  vehicles,  electric  lighting,  marine  propulsion,  etc.  412  pages. 
Large  octavo,  illustrated  with  312  handsome  engravings.  Twelfth  edition,  revised 
and   enlarged.     |2.50. 

HISCOX.     Compressed  Air  in  All  Its  Applications 

Gives  the  thermodynamics,  compression,  transmission,  expansion,  and  uses  for 
power  purposes  in  mining  and  entcincering  work;  pneumatic  motors,  shop-tools, 
air-blasts  for  cleaning  and  painting,  air-lifts,  pumping  of  water,  acids,  and  oils; 
aeration  and  purification  of  water-supply,  railway  propulsion,  pneumatic  tube 
transmission,  refrigeration,  and  numerous  appliances  in  which  compressed  air  Is 
a  most  convenient  and  economical  vehicle  for  work— with  tables  of  compression, 
expansion,  and  the  physical  properties  of  air.  Large  octavo.  800  pages.  600 
illustrations.     Price,  $5.00. 

HISCOX.  Horseless  Vehicles,  Automobiles  and  Motor  Cycles,  Operated 
by  Steam,  Hydro- Carbon,  Electric,  and  Pneumatic  Motors 
The  make-up  and  management  of  automobile  vehicles  of  all  kinds  are  treated. 
A  complete  list  of  the  automobile  and  motor  manufacturers,  with  their  addresses, 
as  well  as  a  list  of  patents  issued  since  1856  on  the  automobile  industry,  are 
included.     Nineteen  chapters.     Large  8vo.    316  illustrations.    460  pages.    Cloth,  $3.00. 

HISCOX.  Mechanical  Appliances,  Mechanical  Movements  and  Novelties 
of  Construction 
A  complete  and  supplementary  volume  to  the  author's  work,  "Mechanical 
Movements,  Powers,  and  Devices."  Contains  1,000  mechanical  details  and  complex 
combinations  in  mechanical  construction,  which  are  fully  described  and  Illustrated, 
Including  a  special  and  unique  chapter  explaining  the  leading  conceptions  in  the 
perpetual  motion  idea  existing  during  the  past  three  centuries.     400  pages.     $3.00. 

HISCOX.     Mechanical  Movements,  Powers,  and  Devices 

This  is  a  work  on  illustrated  mechanics,  mechanical  movements,  powers,  and 
devices,  covering  nearly  the  whole  range  of  the  practical  and  inventive  field,  for 
the  use  of  mechanics,  inventors,  engineers,  draughtsmen,  and  all  others  inter- 
ested in  any  way  in  mechanics.  Large  8vo.  Over  400  pages.  1.800  specially 
made  illustrations,   with   descriptive  text.     Tenth   edition.     $3.00. 

Inventor's  Manual ;  How  to  Make  a  Patent  Pay 

This  is  a  book  designed  as  a  guide  to  inventors  in  perfecting  their  Inventions, 
taking  out  their  patents  and  disposing  of  them.     119  pages.     Cloth.    $1.0a 
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KRAUSS.     Linear  Perspective  Self-Taught 

The  uaderlyiug  principle  by  which  objects  may  bo  correctly  represented  In 
perspective  is  clearly  set  forth  in  this  book,  everything  relating  to  the  subject 
is  shown  in  suitable  diagrams,  accompanied  by  full  explanations  in  the  text. 
Price,  12.50. 

LE  VAN.     Safety  Valves ;  Their  History,  Invention,  and  Calculation 

Illustrated   by   6i^  engravings.     151   pages.     $1.50. 

MATHOT.     Practical  Handbook  on  Gas  Engines  and  Producer  Gas  Plants 

More  than  one  book  on  gas  engines  has  been  written,  but  not  one  has  thus 
far  e\en  encroached  on  the  field  covered  by  this  handbook.  Above  all»  Mr. 
Mathot's  work  is  a  practical  guide.  Recognizing  the  need  of  a  volume  that  would 
assist  the  gas-engine  user  in  understanding  thoroughly  the  motor  upon  which  he 
depends  for  power,  the  author  has  discussed  his  subject  without  the  help  of  any 
mathirtnatlcs  and  without  elaborate  theoretical  explanations.  Every  part  of  the 
gas  ei?gine  is  described  in  detail,  tersely,  clearly,  with  a  thorough  understanding 
of  tne  requirements  of  the  mechanic.  Helpful  suggestions  as  to  the  purchase 
of  an  engine,  its  installation,  care,  and  operation  form  a  most  valuable  feature 
of  the   work.     Fully   illustrated.     52.5C. 

MONTAGUE.     Mechanical  Drawing  for  Home  Study 

This  is  a  practical  treatise  of  instruction  arranged  for  beginners  and  prepared 
especially  for  home  study. 

Commencing  with  simple  instruction  as  to  the  correct  methods  employed  In 
the  handling  and  care  of  drawing  instruments,  the  author  presents  a  series  of 
problems  in  dri.fting  construction  that  enables  the  beginner  to  make  sutwtantial 
headway   from  the   very  first. 

Attention  has  been  paid  to  the  matter  of  making  the  text  explicit,  so  that 
there  may  be  no  confusion  arising  from  the  improper  understanding  of  the  sub- 
ject on  the  part  of   the  learner. 

Each  chapter  of  instruction  in  the  principles  of  drawing  is  followed  by  care- 
fully arranged  lessons  to  be  worked  out  by  the  student  in  the  form  of  drawing 
plates,  reduced  copies  of  which  are  shown  in  full-page  illustrations  in  the  text. 
6<X)  pages.     Fully   illustrated. 

PARS  ELL  &  WEED.     Gas  Engine  Construction 

A  practical  treatise  describing  the  theory  and  principles  of  the  action  of  gas 
engines  of  various  types,  and  the  design  and  construction  of  a  half-horse  power 
gas  engine,  with  illustrations  of  the  work  in  actual  progress,  together  with  dimen- 
sioned working  drawings,  giving  clearly  the  sizes  of  the  various  details.  Second 
edition,  revised  and  enlarged.  Twenty-five  chapters.  Large  8vo.  Handsomely 
illustrated  and   bound.     3u<)   pages.     $2.r»o. 

REAGAN,  JR.     Electrical  Engineers'  and  Students'  Chart  and  Hand  Book 
of  the  Brush  Arc  Light  System 
Illustrated.     Bound   in   cloth,    wiili    celluloid   chart   in    pocket.     |1.00. 

SLOANE.     Electricity  Simplified 

The  ohjeit  of  "Electricity  Siini'lified"  is  to  make  tlie  subject  as  plain  as  pos- 
sible and  to  si.ow  wliut  tlie  modern  conception  of  electricity  is.  158  pages.  Illus- 
trated.     Tenth    edition.      ?1.0<.'. 

SLOANE.     How  to  Become  a  Successful  Electrician 

It  is  the  ambition  of  thousands  of  young  and  old  to  become  electrical  engineers. 
Not  everyone  is  prepared  to  spend  several  thousand  dollars  upon  a  college  course. 
even  if  the  three  or  four  years  requisite  are  at  their  disposal.  It  is  possible  to 
become  an  electrical  en^^rineer  without  this  sacrifice,  and  this  work  is  designed  to 
tell  'llow  to  Hecome  a  Successful  Filectrician"  without  the  outlay  usually  spent 
in  acMinirine  the  profession.     Twelfth  edition.     ls9  pages.     Illustrated.     Cloth.     $l.«'o. 

SLOANE.     Arithmetic  of  Electricity 

A  pra<ti<al  treatise  on  electrical  calculations  of  all  kinds,  reduced  to  a  series 
of  rules,  all  of  the  simplest  forms,  and  involving  only  ordinary  arithmetic:  each 
rule  illustrated  by  one  or  more  practical  problems,  with  detailed  solution  of  each 
one.     Sixteenfli    edition.      Illustrated.     1.'5n  pages.      Cloth.     tl.M. 

SLOANE.     Electrician's  Handy  Book 

An  up-to-date  work  covering  the  subject  of  practical  electricity  in  all  its 
bran<hes,  being  intended  for  the  everyday  working  electrician.  The  latest  and 
best  authority  on  all  branches  of  applied  electricity.  Pocket-book  size.  Iland- 
somfly  bound  in  leather,  with  title  and  edges  in  gold.  s.(h)  pages.  n«)0  Illustra- 
tions."   Pr;c<'.  $:;.:.('. 

SLOANE.     Electric  Toy  Making,  Dynamo  Building,  and  Electric  Motor 

Construction 

This  work  treats  of  the  making  at  home  of  electrical  toys,  electrical  apparatus, 
motors,  dynamos,  and  instruments  in  general,  and  Is  designed  to  bring  within 
the  reacli  of  yotmg  and  old  the  manufa<-ture  of  genuine  and  useful  electrical 
applianees.      Flfteentli    edition.      Fully    illustrated.      140   pages.      Cloth.      $1.00. 
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SLOANE.     Rubber  Hand  Stamps  and  the  Manipulation  of  India  Rubber 

A  practical  treatise  on  the  manufacture  of  all  kinas  of  rubber  anicleti.  146 
pages.     Second  edition.     Cloth.     |1.U0. 

SLOANE.     Liquid  Air  and  the  Liquefaction  of  Gases 

Containing  the  full  theory  of  the  subject  and  giving  the  entire  history  of 
liquefaction  of  gases  from  the  earliest  times  to  the  present  It  shows  bow  liquid 
air,  like  water,  is  carried  hundreds  of  miles  and  is  handled  in  open  buckets.  It 
tells  what  may  be  expected  from  it  in  the  near  future.  365  pages,  with  many 
illustrations.     Handsomely  bound   in  buckram.     Second  edition.     |2.50. 

SLOANE.     Standard  Electrical  Dictionary 

A  practical  handbook  of  reference,  containing  definitions  of  about  5,000  distinct 
words,  terms,  and  phrases.  An  entirely  new  edition,  brought  up  to  date  and 
greatly  enlarged.  Complete,  concise,  convenient.  682  pages.  393  illustrations. 
Handsomely  bound  in  cloth.     8vo.     $3.00. 

USHER.     The  Modem  Machinist 

A  practical  treatise  embracing  the  most  approved  methods  of  modern  machine- 
shop  practice,  and  the  applications  of  recent  improved  appliances,  tools,  and 
devices  for  facilitating,  duplicating,  and  expediting  the  construction  of  machines 
and  their  parts.  A  new  book  from  cover  to  cover.  Fifth  edition.  257  engravings. 
322  pages.     Cloth.     |2.50. 

VAN  DERVOORT.     American  Lathe  Practice 

This  is  a  new  book  from  cover  to  cover,  and  the  only  complete  American  work 
on  the  subject,  written  by  a  man  who  knows  not  only  how  work  ought  to  be 
done,  but  who  also  knows  how  to  do  it  and  how  to  convey  this  knowledge  to 
others.  It  is  strictly  up  to  date  in  its  descriptions  and  illustrations,  which  repre- 
sent the  very  latest  practice  in  lathe  and  boring-mill  operations  as  well  as  the 
construction  of  and  latest  developments  in  the  manufacture  of  these  important 
classes  of  machine  tools.  A  large  amount  of  space  is  devoted  to  the  turret  lathe, 
its  modifications  and  importance  as  a  manufacturing  tool..  320  pages.  200  illu.s- 
tratlons.     |2.00. 

VAN  DERVOORT.     Modem  Machine  Shop  Tools;  Their  Constmction, 

Operation,  and  Manipulation,  Including  Both  Hand  and  Machine  Tools 

A  new  work,  treating  the  isubjeet  in  a  concise  and  comprehensive  manner.  A 
chapter  on  gearing  and  belting,  covering  the  more  important  cases,  also  thi* 
transmission  of  power  by  shafting,  with  formulas  and  examples,  is  included.  This 
book  is  strictly  up-to-date  and  is  the  most  complete,  concise,  and  useful  work 
ever  published  on  this  subject.     Containing  552  pages  and  673  illustrations.     |4.00. 

WOOD  WORTH.  Dies,  Their  Construction  and  Use  for  the  Modem  Work- 
ing of  Sheet  Metals 
A  practical  work  on  the  designing,  constructing,  and  use  of  tools,  fixtures,  and 
devices,  together  with  the  manner  in  which  they  should  be  used  in  the  power 
press  for  the  cheap  and  rapid  production  of  sheet  metal  parts  and  articles.  Com- 
prising fundamental  designs  and  practical  points  by  which  sheet  metal  parts  may 
be  produced  at  the  minimum  of  cost  to  the  maximum  of  output,  together  with 
special  referen(>e  to  the  hardening  and  tempering  of  press  tools  and  to  the  classes 
of  work  which  may  be  produced  to  the  best  advantage  by  the  use  of  dies  in  the 
power  press.     Fourth  edition.     400  pages.     fiOO   illustrations.     $3.00. 

WOODWORTH.  Hardening,  Tempering,  Annealing,  and  Forging  of  Steel 
A  new  book  containing  special  directions  for  the  successful  hardening  and 
tempering  of  all  steel  tools.  Milling  cutters,  taps,  thread  dies,  reamers,  both 
solid  and  shell,  hollow  mills,  punches  and  dies,  and  all  kinds  of  sheet-metal 
working  tools,  shear  blades,  saws,  fine  cutlery,  and  metal-cutting  tools  of  all 
descriptions,  as  well  as  for  all  implements  of  steel,  both  large  and  small,  the  sim- 
plest and  most  satisfactory  hardening  and  tempering  processes  are  presented.  The 
uses  to  which  the  leading  brands  of  steel  may  be  adapted  are  concisely  presented. 
and  their  treatment  for  working  under  different  conditions  explained,  as  are  also 
the  special  methods  for  the  hurdeiiing  and  tempering  of  special  brands.  320  pages. 
250  illustrations.     |2.50. 

WOODWORTH.  Modern  Tool  Making  and  Interchangeable  Manufacturing 
This  book  is  a  complete  practical  troatlso  on  the  art  of  American  tool  making 
and  system  of  Interchangeable  manufacturing  as  carried  on  to-day  in  the  United 
States.  In  It  are  described  and  illustrated  all  of  the  different  types  and  classes 
of  small  tools,  fixtures,  devices,  and  special  appliances  which  are  or  should  be  in 
general  use  in  all  machine-manufacturing  and  metal-working  establishments 
where  economv.  capacity,  and  Interchangeability  in  the  production  of  machined 
metal  parts  are  imperative. 

It  is  a  practical  book  by  an  American  toolmaker  for  practical  men,  written 
and  Illustrated  in  a  manner  never  before  attempted,  giving  the  twentieth  century 
manufacturing  methods  and  assisting  in  reducing  the  expense  and  increasing  the 
output  and  the   income.     400  pages.     600  illustrations.     $4.00. 
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